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PREFACE

; | As an installation manager of a Burroughs 3500 I encountered
many problems concerning its performance. These problems ranged
from customers complaining about slow turnaround time to the
impact of having to add additional workload on a seemingly over-
loaded system. In dealing with these problems, I learnced first

- hand the importance and difficulties of a computer performance

evaluation (CPE). The major difficulties I encountered with CPE

were when should I start a performance evaluation, what areas 1

should study, what CPE tool or techniques to select, and finally,

how do I organize the effort. As a manager I felt that I needed

a reference or tecol that would broaden my CPE knowledge and assist

me in answering these questiong, Regretfully, I had no such tool

or reference and I was forced to rely on my own minimal imowledge

and experience. This is why I decided upon this subject for a

thesis investigation,

Installation managers faced with performance problems often

make incorrect decisions because of insufficient information. The
result of these decisions has been an untold waste of money and

resources. In order to make correct decisions concerning perform-

v “ ” '
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ance problems, managers need information that can only be provided
by measuring and evaluating the performance of their computer.

Since installation managers are often required to make performance

ii




decisions, this information is needed continuously. Therefore, !
installation managers need to develop a comprehensive CPE program
or system to insure they receive this important performance infoim-
ation, This CPE program or system can be used by installation
managers as a management tool that will assist them in making
correct performance decisions., This thesis effort develops such
a management tool,

Finally, I would like to take this opportunity to thank thosec
people who made this thesis effort possible. I thank Captain
Steve Christiana for suggesting the topic and for the recommenda-
tions and support he provided. I thank Dr. Gary B. Lamont for
being my advisor and for the guidance and recommendations he
provided. Lastly, I thank my wife, Faye, for taking on the ¢iffi-
cult task of typist and especially for the spiritual and loving

support she provided throughout this endeavor.
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Abstract

This study discusses the design and implementation of =z
management system that will provide an installation manager or
manager of a computer system with the means to measure and evaluautc
the performance of their computer system. This system is conposed
of t?ree parts; irnformation, people, and reports. The information
part of this system is a set of factors that can cause provl-=s
with computer performance and the data which can be gatherel by
various CPE tools and techniques used to solve these problems,

The factors and data of the information portion of this management
system are presented and discussed in this paper.

The people part of this system are members og/z CPE team,
They are individuals familiar with the orgagizatign, the workload,
and tﬁe computer system hardwame/software. It is a team that can
either use or learn to use the tools and techniques of computer
performance evaluation. The make-up of such a team is also
*iifussed in this paper.

/BThe reports section of this system is the most important
part because this is what the installation manager or computer
system manager will use to detemmine the performance of their
computer system. The responsibility of the reports and their
accuracy lies with the CPE team, This paper disucsses some of
the reports that a CPE team can generate.

Also included in this study is background information on

computer performance analysis as weli as explanations and

viii
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definitions of many of the CPE tools and techniques used by Cii
analyst. This study omits much of the technical jargon associated
with CPE; however, references are provided for those wishing a
deeper understanding.

This study was conducted at the request of the Systems

Engineering Avionics Facility of the Aeronautical Systems Divicicn

e 35

and as such, the implementation and recommendation parts of this

paper relate solely to them. Although this study wazs conduct-u

o ok o i 2
.

for a specific orgnization, the management system presented in thisg

document could be used at any computer installation or data center,

ix




I. Introduction

The computer (information processing) industry is now ii-
second largest incustry in the werld, second only to energy wnd

is forecast to reach "first place™ in the 1980's, Still, with oo

large an industry and so large an investment in systems, ecuirment,
and specialized people, relatively little management attenticn Las
been paid to the efficiency with which this industry operater ani
whether it can operate more productively and c¢ffactively.
(Ref. 6: 11-1.)

The iszue of operating more productively and effectively
F
E has concerned users throughout the history of computer evc_ution,
As such, a term was created to identify the effectiveness and

efficiency of computers. This term is called cemputer performance

evaluation (CPE).
Broadly defined, computer performance evaluation denls with i
the methods used to collect information that reflects the cemputer

system performance, analysis tools, and techniques used to evaluzic

this data and the formulation of policy necessary to tring the
performance of the computer system in line with operatioml goals.
(Ref. 18: 7)

The General Accounting Office estimates that the utilization
of federal computer systems could be improved from 20~4C% with the
ald of a computer performance evaluation, (Ref. 17 ¢ Vi-57) Tc
be conservative, let us say that the utilization can be improved

by 25%. This means that if a computer system takes twenty-four
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hours to service all its customers; by performing a computer

performance evaluation, the same computer system could service

these users in 18 hours. This would be a tremendous benefit for )
organizations that continuously face backlogs and never finisn
processing. If it is possible to improve the utilization of
computer systems by as much as 25%, why are not all ccmputer
installations operating at this improved level? The problem is
that installation managers and managers of computer systems do not
thoroughly understand CPE, nor do they know how to start and

centinue a CPE effort or what direction to take.

Background

The growing complexity of compuler systems has been acconmpa-
nied by the growing need for more information about what is actually
taking place inside and outside these systems. As a result, the
interest in the field of computer performance evaluation has
grown tremendously.

First generation computers (vacumn tubes) were designed in
the early and mid 1950's to process as fast as possible in two
principal areas of application; scientific and commercial. The
scientific processors were Judged by how fast they could add,
subtract, multiply, and divide; the commercial processors were
judged by how fast they could manipulate data. These early
processors were organized to operate serially, that is, they had
to input the program and data before processing could bggin.
While processing the computer could do no I/0. Upon completion

of processing the information was output. Ivaluating the
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performance of these early computers was easy and the only tool
required was a stopwatch. (Ref. 1.3 1=1, 1=2)

During the late 1950's and early 1960's second generation
computers (solid state) emerged. Also, with the development of
larger and less expensive memories, various software aids such as
assemblers and compilers began to play an important role in the
performance of computers. Because of their faster computational
capability, faster input-output devices became standard equipment.,
These systems were more productive because they were able to
execute program instructions and perform input and output functicns
simultaneously. This was accomplished by a new type of computer
program called an operating system which provided for trancition
from one computer program to another and for control cver input-
output procedures. During this second generation era, evaluating
computer performance became more difficult, No longer could
managers use a stop watch approach to measure the performance of
their computer system. (Ref. 20 : VI~8) Unfortunately, evaluating
the performance of these computers received little attention from
managers who often had only an elementary underutanding of
automatic data processing (ADP) operations and were not in a
position to have much impact on insuring efficient ADP operations.
Very few tools were developed and very little was written about
computer performance evaluation for the problem of measuring the
performance of computer systems was Jjust beginning.

Third generation computers emerged in the mid 1960's and

C e S AS—————— +
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were smaller in size but normally able to compute and procecs
data much faster. They were modularly designed so that their
capacities could be increased as an organization's data procecse

{ ing needs increased. Operating system software became more
complex because it now controlled several computer programs which
operated concurrently in the computer system (multiprogramming).
With this advanced hardware and operating systems, also, came
continued growth in applications. Industry and business began
to rely more and more on computers and a trememdous growth in the
computer industry began. In addition to batch processing, new
applications with characteristics of remote access, online
processing, and real time processing were developed, Third
generation computers were more technical and ADP managers faced
more difficult and demanding tasks in attempting to improve the
efficiency and effectiveness of their computer systems. Cost

} began to plan an important role in the life of a computer system

and installation managers were forced to become aware of the

effectiveness and efficiency with which these computer systems

i were operating. As a result, computer performance evaluation

received a new precedence. (Ref. 20: VI - 8,9)

:}'i From the emergence of third generation computers to now, much

' has been written about computer performance evaluation., Countless
1
articles, pamphlets, special studies, and books have been published

b on the subject. In addition, organizations such as the Computer
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Performance Evaluation Users Group and Computer Performance Measure-
ment Group have been formed and hold annual meetings where they
present papers and discuss matters related to computer performance

! evaluation, These organizations are composed of CPE analyst from
both the govermment and civilian sectors who are experienced in
the field of CPE., Coupled with this increased development of tools

and techniques was an increased awareness of the importance of CPE

by installation managers and system managers., Although much nas
been written on CPE and many tools and techniques have been
developed to assist the computer analyst, little has been done to
assist the manager of the computer installation. Today, a manager
of a computer installation faced with a performance problem must
rely on his own knowledge and experience to derive a solution.
Oftentimes, the manager knows what information is needed to solve
the problem but does not know how to obtain it. Other times the
manager may not know where to start. OSince the field of computer
performance evaluation is expanding along with the capability and

complexity of new computers, installation managers arc faced with

several very difficult problems., The first of these problems is

—

v

how to measure and evaluate the performance of present day computer

! f
{ :
ﬁq systems and secondly, where does a computer performance evaluation
¥ : begin, |
{ Problem Statement

Managers of computer installations and computer systems need

help when measuring and evaluating the performance of their computer

5
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systems. This process of measuring and evaluating the performance
of computers and computer systems has become important, demanding,
and difficult. It is important because performance is one of the
prime considerations used by managers when evaluating a computer or
computer system. This process is demanding because it requires a
thorough understanding of the levels of a computer system and an
understanding of the user's habits, preferences, and adaptability
to system changes., It is difficult because of the complexiiy of
present day computer systems and the fact that these systems exhibiz
different characteristics and one method of analyzing the same
system characteristic might not be applicable under both circum-
stances, This process is not only important, demanding, and
difficult; it also requires the manager to answer some important
questions. These questions are:

- How and where do you start an evaluation?

- Does the whole system need evaluating or just elements

of it?

- What tools and techniques can be used and what are the

advantages and disadvantages of each?

- How are these tools and techniques selected and what is

the cost?

- Once a tool or technique is obtained, how long will it

take to provide results?

- How difficult are these tools and techniques to use and

do they require the hiring of additional personnel?
The answers to these questions are important because they determine

how and by what means the perforamnce of a computer or computer
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system can be measured.
Because computer performance evaluation is so demanding and
difficult, many managers are incapable of answering these questions,
When confronted with computer performance problems, these managers
sidestep the issue of computer performance evaluation and ruch cut
and purchase hardware they do not need in an attempt to come up
with a quick=fix or they spend thousands of dollars on conputer
performance analysts who discover the problem but only after
‘ spending considerable time, money, and effort., This time, effort,
and money need not be spent if the manager had a system that cauld
provide information about the performance of the computer systen.
This information could allow the manager to make a quicker, less
expensive, and more accurate decision to solve the vroblem.
A system that can help a manager measure and evaluate the
performance of a computer system is needed by all managers of
computer systems and computer installations. These managers are %
{ continually faced with problems concerning computer performance
; which they cannot solve themselves because they do not have the
knowledge nor experience needed to deal with the complex issues of

computer performance evaluation, WNeither, 4o they have the

e

ability to answer the questions on the previous page.
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This thesis develops a management system that can help

[

managers of computer installations and computer systems obtain

performance information about their computer systems. It also
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provides managers with the means tc identify problems before they
occur and to plan for future computer resource needs.

This thesis presents and discusces the aspects of a computer
facility that can cause poor performance. Discussed in detail
are aspects of the organization, the workload, and the computer
hardware/software. Also discussed is how to establish a computer
performance evaluation team. This team is the most essential
part of the management system because it frees the manager {rom
having to deal with complex computer performance evaluation
problems and places this responsibility on a group of individualsg
more knowledgeable and capable of dealing with these problems. The
major products produced by the CPE team are reports which provide
the manager with the means to measure the performance of the

: computer system. These reports also provide the manager with

information that can be used to identify performance probvlems
before they occur and to plan for future needs of computer
resources. The reports presented and discussed in this thesis
are only the major ones since there are many different kinds and

i types of CPE reports that can be generated. The format of these

i reports is briefly discussed and is left for the managers and
:i members of CPE teams to determine.
4 The management system presented in this thesis can be imple-
; mented at any computer installation or data center; however, for
this thesis the implementation and recommendations sections pertain
only to the Systems Engineering Avionics Facility, the sponsor for

this thesis effort.
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Approach

The basic requirement for the development of this management
system is to determine what kinds and types of CPE information
managers of computer systems and conputer installations such as
SEAFAC need. Some of this information was obtained from my own
experience a3 an installation manager and from discussions with
Captain Steve Christiani, the computer system manager of SEAFAC,
The remainder of this information came from an extensive litera-
ture search in the areas of computer performance evaluation :nd
measurement, The books, reports, and documents reviewed and
studied to obtain this information are presented in the biblio-
graphy section of this paper. The information obtained from my
personal experience and discussions coupled with the information
obtained from the study of CPE related books, documents, and
reports provided the kinds and types of CPE information needed by
managers. Once this information was determined, the next step was
to determine how to gather it., Fortunately, most of this informa-
tion was found in articles and text books; however, some of the
information needed was about the organization, tne service it
provides, and how it provides that service. Therefore, to obtain
this information, an analysis approach was taken.,

The first step in this analysis is to gather information on
the organization., The next step is to develop an understanding
of the workload. This information provides an insight into some
computer system requirements and constraints. Following this is
the most difficult task; becoming familiar with the gpecific

computer system's hardware/software.




By combining the information from the rescarch, mniyii.,
and discusciony, with my experience, the computer performance

evaluation management system was developed.

] Order of Presentati-n

Chapter II discusses the requirecments of a CPE management

system., Knowledge needed about the organization, the workload,

(2

and computer system is presented, along with diagrams and question-

| aires to assist in obtaining this knowledge. Chapter III describes

i 4y
.

the design of a CPE management system. Included in this chapter are
the objectives of the management system and the measures ana
b reports that the system can collect and present. Chapter IV and

V cover the implementation and recommendations of this plan for

the Systems Engineering Avionics Facility of ASD, The conclusion

of the thesis is presented in Chapter VI.

10




11, The Requirements of a CPE Management Uystem

The requirements of a CPE management system are few. First, a
team of specialized people is needed to identify performance prob-
lems and recommend solutions. Second, is a series of reports and
measures tailored to meet management needs, and lastly, is informa-

tion to assist the members of the team identify these probtlems and

AR SR

B AL andie

recommend accurate solutions. The people and report requirements

of this management system will be presented later. This chapter
focuses on the information requirement. GSince all aspects of a
computer center or installation either directly or indirectly

impact performance, information about all aspects of the computer
center or installation must be obtained, To obtain this information,
the computer center or installation is divided into the organization,
the workload the organization processes, and the computer system the
organization uses to process this workload.

This chapter presents and discusses the factors of a computer
center or data center that can cause poor performance, as well as
how to find them. Specifically, the following areas will be dis-
cussed along with their interactions: - Organization

- Workload
- Computer System

Since a computer system is normally composed of two intugrated
systems, hardware and software; these systems will be discussed
separately. Figure 1 is a data flow diagram of How To Get Staried.

Since this thesis uses data flow diagrams, a brief definition

11
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is given for those who are unfamiliar with the texrm., A datn {low
diagram is a graphic tool that represents data flow and transforms

in a process, It can be used in a systems developmenti cnviron-

ment to emphasize the logical flow of data in a system, while
deemphasizing procedural aspects of the problem and physical solu-~-
tions. The basic symbols of a data flow diagram are called
transforms; these are represented by circles, each identifying a
function that transforms data. The circles are connected by labeled
arrows which represent the inputs to and the outputs fiom ithe
transforms. Each transform is numbered and can be expanded to show [
- more detail. (Ref. 15: 68) ;?

l Organizaxion

A thorough understanding of the computer installaticn is

required to effectively develop a computer performance evaluation
management system. Specifically, the situation or circumstances
that provoked the performance effort should be found along with the
position of the computer installation with respect to the crgani~
zation that it serves. The computer installation's operational
objectives must be obtained and understood. An organization

chart should be acquired and stucdied to determine how the

manager's programmers, operators, etc. are structured within the
computer center., The procedures used by management to govern the

computer center should be obtained and studied. In addition, the

number of hours the computer center is operational should be
obtained along with any scheduled or unscheduled closings, such

, as on holidays or during severe weather, This information provides

13
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the foundation f{rom which more specific and detailed infomation
about the organization can be added. (Ref. 1: 11)

Information on the number of programmers, operators, naln-
tenance technicians, and computer system analysis should be
obtained as well as the hours each works. In addition, inflorma-
tion should be obtained about priorities and schedules and the
impact they have on processing, assuming they exist in the crgani-
zation., Information should be gathered on the criticul joos the
computer center processes such as payrolls cor monthly reroris.
The information gathered so far will asgist the snalysts in
understanding the service the organization provides and how it
provides that service.

Perhaps the most important information that muct be gathered
ig that from the managers. Since the program is being developed
primarily for management, the kinds and types of information they

need to make performance decisions should be obtained directly

from them. Additionally, try to determine the way they woulc like

this information presented. The major difficulty with ihis ics
that oftentimes management is not totally aware of the informa-
tion they need to assist them in making computer performance
decisions, nor do they know how this informaticn should be
presented., Additionally, many managers have not acquired en
understanding of ccomputer performance evaluation., This is where
the CPE team can begin educating management about CPli; its
benefits and advantages as well as assist them in determining

the kinds of information they need and how it should be presented.

Figure 2 is a data flow diagram depicting this approach.

14
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Throughout the gathering of all this information, attcmp*
to identify problems with policies and procedures that could
have an adverse impact on performance. Appendix A containc a ligt
of questions that should assist the analyst identify these kinds
of problems. In addition, ccnduct discussions with lower level
managers, pProgrammers, maintenance itechnicians, and operators
in an attempt to determine their feelings about the organization
and the performance problems they may have encountered and
identified., The main objective in developing a thorough under-
standing of the organization is to identify areas that could
cause poor performance.

Appendix B centains a list of questions that will assist

the analysts of the CPE team to better understand the organizatior.

Workload

This section presents information abcut the workload that can
cause poor performance. This information can be used by members
of the CPE team tc identify problems with the worklcad and to
increase their knowledge of it.

The most important aspect in developing a computer performance
evaluation management system is to understand the workload. This

is because vithout the workload, the computer system and organiza—

tion would probably cease to exist. By developing an undersianding

of the workload, the computer analyst can better determine the
computer system requirements and the impact poor performance

will have on the users. This does not mean that every process
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performed or every job that is executed be understood to the
fullest. Rather, an understanding should be developed wbout the
"kinds of processes performed" and the types of jobs executed,
This information will provide a‘starting point for ihe gathering
of more specific and detailed data.

Information should be obtained on specific projects, programs,
and personnel that use or request service from the computer center;
along with the approximate locad in terms of the mumber of jorc
submitted by each. Additional information should be obtaincc
about how jobs are classified. The largest user should be identi-
fied as well as the smallest. The exact number of uzers should
be obtained as well as an estimate of the number cf jobs they
submit, This estimate can be over a period of a day, weck, or month,
All schedules and deadlines associated with the workluad, such as
run Job X the first of every month, or Job Y must be run at 0300
everyday, should be obtained. Discussions should be made witn alil
users in an attempt to identify any problems or difficulties
they may be experiencing with the computer centers, operating
procedures, or computer. While talking with the users, ask if
any increase or decrease in their workload is planned. Thin
information provides the analyst with the complexity and
extensiveness of the workload. (Ref. 1: 13)

The most important aspect to obtain about the workload ic
if all jobs are being processed. If they are not; is there a

backlog, and if so, how large is it. Additionaily, find out if

7
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this is a regular cccurrence or just sporadic. If it ia spor.dic,
attempt to find out when and if a cause is known, determine when
and how jobs are submitted for execution, i.e. via cards or
terminal and attempt to obtain the percentage of jobs submitted by
each, Identify any bottlenecks associated with the workloads

such as all jobs arriving at 0900 or large numbers of jobs nceding
processing at the end of the month. Along these same lines,
attempt to determine when the computer center is the busiest and
the least busy. Information should be obtained from the ope.utors
as to problems they may have identified with the workload. for
example, Job X continuously blows up the first time it runz and
always has to be run a second time, or Job A runs and everything
else stops., Determine which jobs produce hard copies ani

identify jobs that must be run twice to fulfill hard cepy reguire-
ments, e.g. organizations requesting seven or more copies.
Determine what accounting data the organization gathers and study
this material as this will greatly assist in understanding the
workload. Vhen gathering information about the workload, attempt
to identify problems with the workload that could cause poor

performance, Appendix C contains a list of things to 1lnok for.

Since the workload is the major factor that affects performance,

understanding it becomes extremely important when faced with a
computer performance problem or attempting to develop a CPE manage-
ment system. ligure 3 is a data Flow diagram depicting the proced-

ure used to gather this information and Appendix D contains a list

18
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that will assist the computer analyst to develop a belter unier-

standing of the workload.

By using the information in this section, the members or the
CPE team, particularly the new ones, should be able to increase
their understanding of the workload and to identify worlkloan

problems,

Computer System

.

A computer system is an integrated aggregation of hardware
components (central and input-output processors, memories,
peripheral devices, interfaces) and software components ( the
programs which constitute the operating system). (Ref. 4: 3)
Since the computer system is the primary tool the organization
uses to process its workload, a thorougn understanding of how
the computer system processes the workload is essential in
evaluating the performance of the computer; as well as when
developing a system for computer performance evaluation. This
does not mean that you, as an installation manager or member of a
CPE team, should develop a total understanding of all the little
intricasies associated with the computer system such as which
registers are used for special purposes or how the system haniles
interrupts; rather, knowledge should be obtained about the stages
a job goes through as it is being processed by the system. As
mentioned previously, this paper divides a computer sysiem into twao
halves, hardware and software. When discussing the hardwere/

software parts of a computer system, an important aspect to point

. ' . "
"N £ : i N —— - . — - il -



SRR e b SR 4 47 0 s R 1

<t 4 A

out is the level of obgervation. The level of observation means
that different types of people csuch as managers, operators,
programmers, and users view the computer system differently, For
example, a manager's view of a computer system is for the most
part economic. Mainteining a budget, while satisfying user
requirements often is a difficult task for the computer manager.

A users view of a computer system is characterized by speed, such
as turnaround time or response time., Another user's view could

be ease of access and use. These are only a few examples of
levels of observation and since this paper discusses a CPE manage~
ment system to be used by the manager, the members of the CPL tean
should become familiar with all levels., (Ref. 9: VI 7% - VI 75)
The information needed about each half in order fo develon a

computer performance evaluation system is presented next.

Hardware

Presented in this section is information about computer hardwnrc.

This information can be used by members of the CPE team who want
to enhance their understanding of computer hardware or iaentify
problems with it.

The first step in understanding the hardware is to determine
the make and model of>the computer system that the organization
uses. The next step is to determine the size of the computer
system. This is normally accomplished by obtaining information on
the amount of memory the system has, both actual and virtual, along
with the number of terminals hooked to the system. The kinds and

types of peripheral equipment comnected to the system, and the

21
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capacity of the storage devices, all provide information as to
the size and capability of the computer system. This information
provides a starting point from which more specific and detailed
knowledge can be obtained.

The next step is 1o determine the computer systen's multipro-
gramming level and obtain as much information as possible about the
I1/0 system to include namber of channels, the kinds of I/0 that
can be performed, along with the size of data that can be trans-
ferred. Obtain information about the speed and capacity of input
and output devices such as card readers and lineprinters, along
with the execution speed of the Central Processing Unit. Iuch of
this information can be obtained from the installation manager and
the rest can be obtained from the documentation. Figurc 4 is 2
Data Flow Diagram depicting the inform.tion needed about hardware.

In gathering information about the hardware, the members ¢f the
CPE team should look for things that cculd have an adverce ispact
on performance. OSuch things as a slow card reader znd 80 of all
jobs are being entered via cards or lack of sufficient disk space
vwhich forces cxcess use of tape. Appendix E containg a list »f
things to look for. Becoming familiar with first the crganization
and then the workload will greatly asgist in identifying problems
with the hardware that could cause poor performance, Appendix ¥
is a list of questions that will assist the members of the (PG

team better understand the hardware.




etk Mk vhaig

-

e i lF Wl i e 48”4

gy e e e T - -, e
OILRLILI OUY PUZISIIPUN 0f WRATRTC MOLI TIBY ¥ eandis
_ . e —— llw
!
o
ota®e A |
£ i : .\WOG
Srrrtaedee Jsanduo < -
TTTa S I8gnuued spqede jou p »m\.
2"
- ' -/F
SUSTQOI IOF OO A
Za3ndwo) JuowoITNnbay
DECTNIOM
Jo “ suredy e
> 3SUTELY
)
£311TqRdR) 3 £3117qRdR) o .
_ o : squswaITnbay
B auTmIajac |~ axedwuo) Z33nduion
, ) o o Suay;,
2 9T Tni
_ & G*¢ A L°¢ Deome - INbag proTIon
3 8] OM
e I suTwIalaq 3]
P ()]
p G%\. . - . mo m ..m N
~ /2 qusudTabe Texeydrasd a | o~
: Buy,, Sloag i - g _
_. g Ly 25, T I9pouw I33NCWOD 13)
[ o <q
, S seoTAS(Q 0/ \ 1oy 2 STEuTeY

® I08S800Zg JO

paadg uoTgnoaxy

SurmIeIeC SuturexFoxd TNy 190 ¥ el
¢ . T suTwIaaq
BUTWIBL 5 aUTUIIS 3]
® MN@Q.C\N»SO
4 /I Jo— ¢*¢ ALY 1°¢

Zagnduo)

sTsuueuy
0/1 3o ‘o % 1oas]

Zagnduo) o

Jo 22T

sxossaooxd JO ou aeu Jxajindwoo

oulow U junowe




Software

M fas o

Ty

The software portion of the computer system that is referred
to in this paper is the operating system, The information
presented in this section should increase the CPE members'! know-
ledge of an operating system, as well as asgist them in identifying
operating system problems. An operating system is a collection of
programs (algorithms) designed to manage the system's resources;
namely, memory, processors, devices, and information (programs and
data). Some general funciions of an operating system are to:

1. Keep track of the resources.

2. Enforce policy that determines who gets what, when, and

how much.

3. Allocate the resource,

4, Reclaim the resource. (ltef. 8: 8)
Operating system software is the group of programs that monitor and
control the operation of the computer system while the application
programs are running. These monitoring and control functions
include:

- Scheduling and supervising program execution,

~ Allocating and releasing storage, input and output devices

and other resources of the computer system,
-~ Contrclling all input zand output operations.
- Handling errors.

- Coordinating exchange of information between the computer

operator and the computer system.

~ Maintaining accountability of resources used by the various

programs. (Ref. 202 21)

24
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The algorithms used by the various functions and the intere
actions betwecn the different levels play an important role in
the performance of the computer system. For example, an operating
system that utilizes a static memory partition scheme tends to
"waste" more memory than an operating system that utilizes =
dynamic memory partition scheme. (Ref.8: 116) Thercfore, the
more familiar a manager is with the operating system and the
procedures and algorithms it employs, the better they will be
able to angswer questions concerning its performance. Figure 5
is a data flow diagram that can assist the members of a CPE team
trying to understand an operating system.

The first step in understanding an operating system is to
detérmine where a job goes after it enters the system. The next
step is to determine how a job gets allocated znd deallocated
memory., Determine how the job scheduler and process scheduler
works and obtain information on what queue a job can enter; also,
determine how jobs leave these queues., Obtain information on how
the operating system handles I/0 and find out how long a job is
allowed to execute. Determine the number and capability of 1I/0
controllers or chamnels, While gathering this information,
attempt to identify areas that could adversely impact performance,
such as the majority of jobs require I/0 but the system only has
one I/0 controller, or the system has several I/0 controllers but
slow peripherals such as line printers. Appendix G contains a

list of questions that should assist the members identify problems

el
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with softwarce. By developing an understanding of how the operaling
system works, the members of the CPE team become more aware of
problems that could occu- Once a problem occurs; however, the
members must turn to other means to confirm that the problem cxiz:.
Appendix J is a list »f tools and techniques that can be usced to
identify and confirm computer performance problems. /An important
point to mention here is that not all tools and techniques can be
used on all systems. This is particularly true of software monitocrs.
Therefore, before someone selects a tool to be used in 2 pericrm-
ance evaluation, they should be sure that it can be used on the

computer system. (Ref, 10: VI <~ 50)

Interactions

So far this discussion has presented the levels of an informa~

an

tion processing system as the organizacion, the workload, and the
computer system. Although these levels are presented and discucsed
separately, their interactions play a very important role in
performance analysis. Figure 6 presents these levels in diagram

form.

The performance of a system is determined by the performnance
of individual system elements such as personnel, cperating rules,
amount of disk storage, etc., and the way these elements are
connected into a system. Thus, any and all of the described levels :
contribute toward the performance seen by the user. 1In ordur ic

meet specific performance objectives, all of these levels have to

be taken into consideration in an evaluation of performance. In
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addition, it is necessary to make a clear distinctinn belween  the

system and its environment and to specify the level it which "L
system is to be evaluated. For this paper, the information
processing system cen be perceived as a total complex organi-
zation of hardware, ccfiware, users, programmers, and operators;
together with the operation rules and conditions geverning the
interactions of the human with the non-human elements (jot

2 subnitting policieg, handling of tapes and disk packs reguested

by a job, equipment layout, etc.) (Ref. 13: 5)

Therefore, the members of the CPE team will have to become
familiar with and understand the interactions of tnese parts of

an installaticn in addition to understanding them cepar:tcly.

n e

Identifying problems with the organization, workload, anc

conputer system hardware/software can be a difficult requirement

for some members of the CPE team. These members may nol know
what to look for or where to begin, depending on their kmowledge
A and experience., This chapter was writien to prov.de tnese members

;~, with informaticn that can help them get started and Imow want to

look for. By using this information, the members of the CFE tean :
; should be able to broaden their understanding of the various rvarts

of a computer center and identify problems that could cause jcor

Nl "
N

b .

performance. Additionally, this information could be used as o

M 4

training tool for new members or anyone wishing n bebter uniersiind-

i

ing of the organization, workload, or computer system hardware/

software.




ITI. Design of a Ci'k Management Uyctem

This chapter discusses the people and reports of the CiE managze-
ment systems Directly stated, a computer performance evaluation
management system is a structured program for coniinuously acquirin,
analyzing, ana reporting the key factors affecting the operati-a ofl
the data center. (Ref. 7: VI - 201) It is concerned witn:

- the identification and establishment of ADF orgenization and
functional objectives
- the allocation of assigned resources among functionzl elerents
- the identification of appropriate measures
- capturing data associated with performance
- analyzing performance data
- reporting performance data (Fef. 16: 6)
The main objective of the system is to present precise information
about the perforrance of the organization, to include thé computer
system, on a timely basis and in a way that is understandable to
management. The following is a list for developing a computer
performance evaluation management system. (Ref., 7: VI - 228)
1. Recognize the Need for Performance Management.
2. Set up a Computer Performance Evaluation Team
3. BEstablish Performance Management Objectives
4. Define Measures and Reports
5. Administration of Group and Projeci lanagement

6. Monthly Reports, Planning, and Review

30




1. Recormize the Need for Performince

Before any program, system, or improvement effort can take
effect, a need must arise, Unfortunately, in the field of compuier

performance evaluation, this need often is the result of problem:z

installations wait and delay performance management efforts uaiil

i
with computer performance. Too often, managers of computer ‘
|

it is too late, They wait until a problem has already occurred

before they start a computer performance cvaluation rather inan

establish a computer performance evaluation management sysica when

there are no problems and possibly identify problens before they

occur, ;
There are many needs for computer performance evaluaticn,

Some of these are attempting to gain additional computing tine,

increasing transaction volume, attempting to reduce response ?

time, and attempting to identify performance overruns. This list

e e s

is by no means exhaustive, The main point is that a need must
' arise and this author hopes that the need, ac the case for thigs ‘
study, comes not from an existing problem but from management's ;
desire to understand how their system is performing and to

identify problems before they occur.

@% - 2. Set Up a Performance Manarement Group

The first step that management must take to implement o
computer performance evaluation system ig to get all pcople within
the organization thinking about performance. This can be accon-

plished either at an office meeting in which all people attend or

41
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by a policy letter that will be distributed to al! personnct. "The
main point to get across is that management is concerned with
increasing the performance of the organization and the computer
system; also, it encourages all people to make known problems
they may have identificd. These problems should be identified to
the individual's immediate supervisor, who in turn will forward it
to a computer performance evaluation team of specialized peorlec.
The make-up of this CPE team will largely depend upon the
make~up of the organization. For example, a CPE team might be
composed of an installation manager and a manager from each of
the lower sections such as operations, job scheduling, or
programming.

In choosing members for this team, a manager should look
for several key traits. One trait is experience in systems
programming and anothexr is a scientific education. A scientific
background nearly always exposes an individual to fundamentals of

mathematics and statistics. These traits of systematic tninking

and a knowledge of math and statistics are extremely nccessary
for members of a CPE group. These are not the only requirements.
F People with backgrounds such as applications programming, opcrztions
- and operations research are also needed. The reason for this is
#
’;;{ that CPE encompasses a wide scope (design, programming, operations,
.’
4
{

engineering, analysis) and requires a mix of talents., Another
trait to look for is an academically diversified background.
Reasoning here is like in any other developing field the broader

the members background, the more likely that parallels will be
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seen in other fields where similiar problems have already been
solved. Since this group is responsible for evaluating the
whole organization, an individual familiar with operations, ac
well as an individual who understands the workload, should also te
included in the group; Next, and at times most imvortant, is a
person who can cxplain and convince. An "evangelist" would come
closer to describing this person than “salesman'", but evangeliict
would be a misleading title since no divine guidance is necessary
for CPE success; however, it could help. This persen is parivicu-
larly important at the beginning and end of each CPE nroject.
The best team memrbers are open minded and eager to examine
suggested changes from whatever source. Be careful that an
individual who is too conservative in nis work does not defent
the purpose of your CPL team. CPZ is an imaginative and imnovative
field, It ic also a field lacking in theory and sirong on
sharing. The '"not invented here" syndrome cannct cxist in a CPE
team, A CPE team that does not interact with and borrow from
other installations is a team that is prima facie, inefficient,
and unprefessional. Choosing members for the CPL team willi be a
. difficult task but the advantage of having a team far outweigh any
.f f difficulties that occurred during the preliminary stages.

’.."i (Ref. 6: II-1, 1I-5)
i

3. ILstablish Performance Mannsement Objectives

kven though the performance management effort is properly

staffed and structured, it cannot proceed without mowins the




S T T Y T e

Ak o el AL el i Vi ¢ iy gt s L
o

direction to tuke; that is, the desired results must be defined,
This will be dictated primarily by the charter of the data center,
Typically, therec is one overriding concern, such as capacity or
service levels (either real-time and/or batch) or cost reductions.
The actual application of the measuremént team will include some
combination of the above as tempered by management. The importance
of management participation in defining these objectives cannot be
over stressed. A measurement analyst can only apply his imasina-
tion and initiative if the results he is ainming for have been
unequivocally defined. These goals, defined at the outset, should
be reviewed regularly and adjusted as changes in the role of the

data center occur. (Ref.7: VI-200)

4, Define lieasures and Reports

Measures and reports are the products produced by the CPE
team., These products are produced in accordance with management's
concerns. In determining things to measure, one should be caretul
of obfuscatory measurement., Obfuscatory measurement is measure-
ment which obscures that which it should illuminate. OSuccinctly
stated, obfuscatory measures, measure:
¢ - the wrong things

- the right things - wrongly

‘,'1 - something else (i.e. other than that which
they purport to measure)

‘ - nothing at all (or at least, no mcaningful
thing)

Some general rules, techniques, and principles to follow when




selecting things to measure are:

1e

2.

3

Select your measures with care - not all measures are
appropriate to all situations. Tailor your measures to

the tractability of your users and the gullibility of

your upper management and always have a couple of reserve,
just in case,.

When in doubt, seek the advice of your mainframe vendor.
Your vendor cannot sell you additional equipment until

your upper management is convinced of the saturation and
effective utilization of your existing configuration.

The easier a measure is to obtain, the more likely it is

to be obfuscatory. This is one of the few cases known

to modern science where Murphy's Law operates in favor of
the practitioner. (There is no great mystery here: how-
ever, it is often the generosity of the vendor which made
the measure easy to obtain.) Two specific kinds of measure
are worthy of inuividual mention: means ana median,
Although the mean and the median each provides a single
number to represent an entire set of data, the mean is
usually preferred in problems of estimation and other problens
of statistical inference. An intuitive reason for preferring
the mean is that the median does not utilize all the infor-
mation contained in the observations. A related reason is
that the median is generally subject to greater chance
fluctuations, that is, it is apt to vary more from sample

to sample.

35
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4. Overextend analogies - concepts which ars meaning-ful in

other fields can sometimes be transferred into ihe counuter
performance arena, where they are invalid, without loss of
prestige.

5. Creative Definition - this is an indispensable clement
of the obfuscator's arsenal. . . for the most misleading
percentage you can devise will not help you unless you can
convince someone that it measures something. (Remember,
"CPE efficiency™? Was there anything efficicnt about it?)

(Ref. 17: 425-426)

The following is a list of reports and measures +that can be used.
Determining the reports and measures to use in the manugement
system should be the responsibility of the installation manager and

the members of the CPE team.

Utilization Report: Utilization reports provide a basis for
management to see and understand equipment usage, usage cf equij-
ment dollars, and exceptional conditions in equipment usage. Thisg
information and understanding are necessities for management to
assure high levels of performance. They:
~ permit identification of the opportunity for performance
improvement.
~ provide a basis for tracking of syslem performance and
performance improvenents,
~ establish confidence that cost performance is under control.
-~ show available operating margins and will submit the need

for additional capacity.
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Unused Capacity Heports Unused capacity may be described pogci-

tively as "available resource" or negatively as "excess". Fooe
accurately, unused capacity is the available operating margin
during the months peak period of utilization. The existance

of an operating margin should not be interpreted negatively. It
can clearly be a necessity. For example, a margin must be avail-
able before significant new work can be added. A large unused
capacity indicates a potential cost performance improvemert (i.c.

the potential to perform more within current costs or reduce costs).

Estimated Limits: Computer systems cannot always be used at 1004

of capacity. Often serious penalties in service and performance
can result from attempts to utilize equipment at near 100 utiliza~
tion. Estimated limits are best described as a performance margin.
In contrast to unused capacity which is a margin of available
capacity and could realistically be used; estimated limits is a
capacity margin that one should net plan to use if at 211 possible.
The word "estimated" is important. The utilization limit is not
automatically derived but rather is entered manually for each
component group. It may be derived rigorously through the use of

measurement, simulation, or mathematics or it may be literally

estimated based on observation and experience.

Peak Requirements: Peak requirements represent the amount of

equipment needed as a reserve capacity (o handle the actual peak
load. This equipment is not used on the average but is needed for

peaks., If peak requirements are small, the workload is fairly

31
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; uniform from day to day. If they are large (e.g. larger than

4 System Utilization), then the workload is variable with at ie.st
one peak period much higher than the average. The time period
used to measure peak load is usually a work shift, but selection

of the period is under user control,

Detection of Fguipment Down Time Report: In data centers having

3 increasingly complex equipment and configuration with multiple
paths (i.e. channels and controllers) to I/0 devices and often with
multiple CPU's and shared device pools, detection of down time and
status change is an important operations function.

Control units can fail and the software will automatically
make use of alternate paths. Sometimes no opecrator notifica-
tion is made by the software. In other cases a brief message can
go uncetected. Performance can degrade and thruput will be down.
This situation can go undetected for hours. In addition there are i
a number of less critical and yet important status changes in a

system that could cause problems.

Printer out of paper

. -~ Punch out of cards

High speed data link active or perhaps inactive

Disk control 1, 2, or 3 down

Tape control 1, 2, or 3, 4 down

.-
H

Trend and Variance lleports: Iardware planning reports include

(

many variations of these basic formats: Projected Work, Projected

Component Load, and Component Effective Utilization Threshold.
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Depicting level of activity as a function of time, they allow

broadbased planning functions to make predictions. The applied
value of the performance management system is in charting actual
versus projected activity, enabling planners to refine their
estimates by applying 'mown performance data to calculated perform—
ance levels. In this way, Margin Analysis Reports will aid
planners and provide additional information for management by
control limits. (Ref. 7: VI 236~253) Figure 7 shows an example

of a margin analysis report.

Measures

Measures used in the computer performance evaluation system
are of two types; measures of effectiveness and measures of
efficiency. Measures of effectiveness define how well the organi-
zation's objectives are being accompliched while measures of
efficiency define how well the organization is utilizing assigned
resources. lMeasures of effectiveness are:

- Timeliness: The extent to which the objective is accomplished
in time to be effective., Typical measures include schedule
performance, turnaround, and response time.

- Quality: The extent to which the objectives are accomplished
acceptably. Typical measures include accuracy, usefulness,
clarity, and acceptability.

- Quantity: The extent to which the objective is satisfied.

Typical measures include volume achieved and amount of backlcg.

Measures of efficiency are categorized as follow:




—reT

o

.

o

TP e L

Margin

Level

Variance Report

Cost Effective Limit

d
7/
\\ 7’ \ - A I
N N - \\ 4 /\/// \
N4 v AN
Performance Limit
Time
----- Projected Margin

Actual Margin

Trend Heport

Projected Vork

Time

JRAE PP

Figure 7 Margin Review and Analysis Report
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- Staff: The amount of human resources utilized per unit of

output. These resources can be further clasgified by skills
level, skills mix, and function performed.

- Machine: The amount of equipment employed. These can be

! classified by size, capacity, type, and arrangement,

- Material: OSupplies consumed in the accomplishment of the
objective,

- Money: All resources can be converted to a sinzgle commnon
denominator, money. Conversely, the availability of z<his
resource can be converted into required resources.

s £

While other classification systems are possible, thig classi

ica-
tion of effectiveness and efficiency measures proves to be a

useful structure for the systematic identification of a cocmruter

l performance management system.

5. Administration of Group and Project Management

Depending on the size and complexity of the computer system

s e an—— o

and the organization, some managers may want to create additisnal

positions and hire additional people to make up the Cik team. Job

descriptions for these individuals should mention:

- Work with documentation describing the logical and
physical flow of signals through the system and its
components.

- Perform measurement analysis and coding changes of
applications and control programs.

= Install or connect such CPE devices or tools as are

available.
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- Bbevelop and use simulation and modeling techniques,

= Document activities and recommendations for use by
management,
These may be elaborate as required to fit each nersonnel depari-
ment's peculiar needs, but these five basic areas are necessary
to insure that the CPIl team has the minimal capability to perform
useful projects. (Ref. 6: I1-3)

The day-to~day operating procedures of the CPi teanm are
essentially the same as for an audit group: define a problem,
examine existing methods, postulate changes, test change,
recommend best changes, and overzee implementation of accepted
recommendations, Once a problem is identified, the CPi, team can
turn it into a project. Since come team members have specific
skills that not all team members have, each project or study nay
have a diffevent project manager. A project manager's job in
classical management terms tos
- Plan: Determine requirements of the project in temms cf

people, facilities, egquipment, etc., estimate the
project's duration, and relationships between worl-
load of the (PE team and the project's deliveratles,
= Organize: Request and insure availability of the necessary
facilities, equipment, personnel, matcerial, and
(most important) authority.
- Direct: Set time and cost milestones and bounds for what
must be done; make all operating, project—specifiea

decisions.,
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- Control: Measure performance against plan and take awny rny
necessary actions to correct malperformance.

- Coordinate: Insure that all involved activities are awarc of and
receptive to the projects! efforts, goals, and
recommendations,

Appendix I is a detailed 1list of a project manager's recponcibili-

ties. The last duty of the project manager is to present his

findings and recommendations to his boss. This leads us to a very
important question; to whom does the computer performance evaluation

team report. (Ref. 12: II-9)

Because organizations are so very different, the only woy cof
describing placement in general, is in relative terms. The team
should, at the very lowest, report to a person that nas the autrority
to implement the teams proposed recommendations. This place-
ment insures that recommendations that are accepted will be
implemented. ©3Since the computer performance evaluation team will
be dealing with problems of a wide spectrum, they will need inforni-
tion on all scheduled and unscheduled changes. To insure they
receive this information, a charter should be established.

The charter will allow the team to examine both existing
systems and proposed changes before new workloads or equipment
acquisitions are committcd., Determining the impact of such changes
requires a thorough knowledge of existing workloads and systems.

The benefit from this initial learning phase for the QPH team will

be significant, It is always the first time that a review of all

facets of the computer center's activity will have been attempted

13




by knowleegenble and impartial jpercons. A charter should inclalde,
as a minimum, the following statements,

"No new programs or systems of programs and

no substantial changes to existing programns

are to be implemented without first having

the design or change reviewed by the CrE

team."

"Before ordering new e-juipment to replace, <o
add to, or to enhance existing equipment's

speed or capacity, the CPE team must be

Ml e g .

called upon to measure the levels of activity
F and contentions of the system or portions

of the system that would be affected by the
new equipment." (Ref. 6: 1I-6, 1I~19)

Once established, the CPE team loops through a series of continuing

activities.,
A, Examine and select new CPE tools to keep up with developments,
“§; B. Interchange information with other CPE teams, attend professicnal
meetings, and read the technical literature.
Determine CPE measurement f{requencies with respect to:
1. The characteristics of each installation
a. Workload stability
b, Personnel and system changes
2. The aging systems

3. Planned workload changes
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1.

2.

E. BEs
Te
2,

3.

4.

b. New users

D. Integrate operations and measurement activities; develop a

"performance consciousness" at zll levels,

Use existing and new operations reports

a. Console logs

b. System Incidence Reports

ce. Suggestion Box

Educate operations persomnel to be aware of visual cues to
system malperformance.

Educate operators in use of tools to improve sclection of
jobs for multiprogramming, mounting of tapes, and disk
packs uron request, etc.
tablich pood relations with the computer system vendor.

You may require his assistance for probe point develounment.
You may require his permission to attach a nardware monitor.
First instinct of maintenance personnel is to recsist
measurement activities,

Acquire a knowledge of his activities and the acquaintance

of his research staff.

The computer performance evaluation management system should be
viewed from a total systems perspective. It should be used in a
life cycle context, from procurement through operaticns, from
design evaluation through operational tuning, from procedures

evaluation to the cstablishment of job control language standards.
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CPE should be used to achieve the level of service required by
management at the lowest total system cost - = it should not b~

concerned with techniques but with performance.

6. Monthly Reports, Planning, and Review

Once the system is established and working, it will be of liitle
value unless management can see some results or reports. These
reports will be the only real (tangible) product of a properly run
CPE team., ©Some of the information contained in the reports needs
to be collected over a certain period of time such as a month or
week before the information will be of any value to management.

For example, to say that the computer processed for twelve hours on
Tuesday has little meaning when compared to 180 hours of comruter
processing for the month of June. An example of scme monthly repcrts
are utilization reports, trend reports, and margin and variance
reports. An example of some weekly reports are system profiles,
CPU utilization by shift, average channel utilizaticn by shift and
peak loading. (Ref. 7: VI-240) The actual periods to be covercd
by the reports should be determined by the specific needs of ciach
organization or installation. Some reports should be scheduled to
cover relatively long periods (annual, semi-annual); others should
cover relatively short periods (weekly, monthly).

Generally, management has three requirements for performance
reporting:

- One time report: Firct time that performance management is intro-
duced to the organization cr for special

situations,
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~ Long time Periodic reports: To present rnerforuance where ew
cvents occur over long periods,

~ Short term periodic reports: To present performance where many
events occur over short periods.

These three requiremerts can be used to define the reports that

should be produced by the computer performance evaluation system.

The information contained in these reports will be used by

managers to answer questions concerning the organization's rowin

and performance. (Ref. 16 : 174)

Since an organization's computer system and misszion can
change, procedures need to be established by manzgement where they
review the pertinency of the reports they are receiving. Ior
example, reports showing an I/O controller busy 905 of the time
would not be valid if the organization had just connected a
second I/0 controller. Ideally, the reports should be reviewed
everytime a change occurs in the workload and computer system.
This insures that management is reviewing the latest ani most

accurate performance information on their computer system.

Tradeoffs

The computer performance management system which has jusit been
presented may not be appropriate for all organizations. The
major drawback is that some organizations may not have the
personnel needed to establish a CPE team. Another drawback is
that some managers may not see the need for computer performance

management. A manager of an organization that does not see
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the need for computer performance management is cicher new te
the field or has worked for an organization with counbiess
funds (i.e. whenever hardware/software is neecded they purchase
it), or one that has experienced little or no growtn (j.e. their
computer system has always been able to handle tne work ond).
Unfortunately, little can be done for the manager who does not
recognize the need for performance management. There is
however, help for managers that are interested in Cril nnd know
how important it is but, because of work requiremenis cannot
assign CPE responsibilities to individuals within their
organizations. The help for these managers lies in the iypes
of analysis they can implement. These managers can imnlement

a partial analysis rather than a full analysis. £ full anslysis
requires three to four members of a CPl team to look at all
aspects of the computer system and its environment. A partial
analysis requires only one member to be on the CPE team ana
this person focuses on a certain aspect of the computer systen
rather than the entire computer system and its environment.

The advantage of a partial analysis is that it requires less
time, effort, and people than a full analysis. The major
disadvantage is that the responsiblity of the analysic

falls upon one person and that person is normally the systom
manager. Another disadvantage is that while this perscon is

focusing on one aspect of the computer system and trying to
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solve a particular problem, other problems may be occuring which

could very well offset the actions taken to corrcet the initial

LT ST e T e T

problem, In addition, this person will probably ve forced ts
work with the existing information being gathered c¢n computer
performance rather than obtaining other toolz to sather diffzrent
kinds of information which could identify other problems. hven
though the disadvantages far outweigh the adwvantages, many
installation and system managecrs will be forced, becauce of work

requirements, to implement a partial, rather than a tull anal_.cis.

SRR S el DA A O e A i R

Therefore, to insure that a system or installation manager
receives the most from the partial analysis, some general guide-
lines should be followed

The first pguideline to be followed is to review information
that requires little time and effort but coniains lots ¢f computer
nerformance data. Information from an accounting package is a
good example., The frequency with which this information is
reviewed will largely depend on the organization and the person
performing the analysis, Next, the person should determine if

there is any other information different from that presented by the

accounting package that can be gathered from or by the computer
system that could show additional computer performance data. An
example of this would be something similiar to the display utility
on Digital Equipment Corporation's VAX II/780 which provides CPU

and I/0 information. Although the information and reports that a

partial analysis provides are limited, they may be all that some
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organization need. These organizations could be classified as
those with limited growth potential or those with unlimited funds
where the computer system is always larger than really needed.

On the other side of the coin though, are the organizations
without countless funds and ones that are experiencing normal or
above normal growth. For these orgaiizations, a partial analysis
would probably not meet the requirements for computer perforrwance
measurement. This would be even more true if the organization was
already or had been experiencing computer performance problems.

To lay the burdens of identifying problems, solving existing prob-
lems, and determining future requirements and constraints on one
individual is a l1ittle unreasonable. These organizations could
definitely benefit from implementing a full analysis. Although the
cost of a full analysis in terms of people, time, and resources and
possibly money is considerably more than a partial analysis, ine
benefits it can provide should prove to be cost effective in tne
long run.

This chapter presented guidelines to follow and methods to use
when establishing a CPE team and when defining reports. Since the
CPE team is the most essential part of the CPE management system,
defining their qualifications cannot be overstressed. The better

educated and experienced the members of the CPE are, the more capa-

ble they will be to identify and solve computer performance problems.
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After a CPE tenm has been establiched, the implementntion of

the CPL management system becomes nn casier task. iy ucing the
guidance, figures, and questionaires of Chanpter 2, the CPL teoan
members can immediately start obtaining information aboui {the
computer installation and start looking for periormnce problems.
This chapter snows detoiled informaztion that can ve cbilalned
about a computer installation by using the procedurcs vrecentoed

in Chapter 2.

SEAFAC Organization

The Systems Inpineering Avionics Facility (SRAFLC) is e
division of the Aeronautical System'é Division, SEAPAC iz preseni-
ly in the process of developing and constructing a hot bench to
simulate the flight of the KC-135 aircraft. The hot bLench consist
of a mission computer, the VAX 11/780, and coftware which simulate:
senscr inputs and other aspects of the flight environment., The
VAX 11/780 digital cemputer accepts hot bench softwars inputs from
a MIL~STD=1553 Data Bus and thc operatcr's console. Stored in
the computer's mcmory are five simulation programs: master ecxccutive,
simulation executive, control head, monitor, and display. All of
these programs compete for a single processor along with other pro-
grams such as the terminal driver. The VAX 11/760 computer is
responsible for overall hot bench control, control of data display and

a means for running the real time cimulation. (Ref, 5: 160)
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In a typical "flight" of the not bench, the flight computer
accomplishes such functions as cockpit management, flight planin-,
navigation functions, and fuel management. Coftware simulation
models, which are in fact Fortran programs, provide censor inferma-
tion to the flight computer and provide the environment for the fiight
computer to "fly in"., Table 1 briefly outlines the sigmals ~o they
apply to the simulation.

The reason: which provoked thisz study were management's
interest in measuring the performance of the VAX 11/780 during
software development and running the real-time simulations. An
organization chart of SKHAFAC is presented in IFigure 8.

The computer system used by SEAFAC is operational twenty-four
hours a day; however, all software development and simulaticns take
place between the hours of 0800 and 1700 Monday through Friday.

The organization presently has a mix of government and contract
programmers, These individuals are developing software for the
KC 135 simulation. All software development is accompliched on
line via VI-100 terminalsy as such the organization has only one
operator., This individual is responsible for loading paper in

the printers and informing management of problems with the system.
No shifts are required and the organization does not have a resi-
dent maintenince techniciwn. The organization does however, have
a resident Digital Equipment Corporation systems programmer who
provides assistance in highly technical matters.

The management levels within the organization are determined
by the project, For example, on the KC-135 project, individuals

were assigned management positions based on knowledge and
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TABLE 1

Input/Output Signals to VAX 11/780

For KC-1%5 Hot Bench

Signal Sim. Program Called
: Performance Monitor Simulation Executive
1
3 Operator Commands Master Executive
.
1
4
i Fault Signals Master Executive
Control Head Signals Control Head
Display Signals Display
1
Altimeter Signals Display
i Clock Signals Display
|
X
| . .
: Monitor Signals Monitor

Hfunction

Call the Simulation Fxecu-
tive which in turn calls
the models to be run to
simulate the hot bench
environment.

Comnands issued by the het
bench operator which actu-
ally control all elemcnts
of the hot bench. These
comnands include: Start,
Stop, Freeze, etc.

These commands allow the
operator to deliberately
introcuce fault conditions
into the system,

Establish system controls
such as those normally
input by the pilot via the
yoke.

Provide inputs to the dis-
play simulation which con-
trols numeric displays for
the hot bench,

Flight level inputs.

Shows simulation time
to the tenth of a
second.

Make Bus data available
to display elements,
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experience in such areas as hardware, software, MII~3TD=-1555 wnd
MIL-STD-1750. Individuals in charge of these areas work together
and within their group to insure all aspects of the project are
completed on or near the scheduled due date,

Managers within the orgarization have establﬁshed their owm
procedures whereby they receive progress reports on the status of
particular projects. Little performance information is gathered
on or about the VAX 11/780 and managers have minimal »nowledge of
its performance. This, coupled with the fact that the program.ers
consider the computer a free good, were the only problems observec

in the organization.

SEAFAC Vorkload

SEAFAC is responsible for basically two types of workload;
software development and real time simulations. In the software
development phase, the programmers develop and test software that
will be used during the simulation phase. This software will be
classified by the module the piogrammer is trying to build. ¥ach
module will perform a different function during the simulation.
After a programmer has completed and successfully tested a vortion
of a module or specific program, he presents it to the manager of
the group, who runs the program against a program analyzer to
determine its efficiency. During software development, all pro-
grammers have the same priority and compete for computer resources.

The system jobs run by the VAX are memory management, process

management, device management, and input/output services, Since
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the memory and disk available on this machine are sufficieni’y inres

the above areas pose no problems in terms of load. Also, since
the organization has, at present, twenty five programaers and not
all of them program at once, the load caused ty these programmers
is insignificant. Because the programmers are developing cofiware ;g
on a fairly large machine, i.e. four meg actual memory and lcur hi- |
03 disks. job scheduling and processing time do not cause.problemr
as in some organizations, Additionally, backlogs never occur anc

the only problems observed with sofiware development were progsrammer:
utilizing too much disk space and occasionally some projccts were
completed late. These late projects were caused, not by problens

with the hardware/software, but seemed to be caused by lack ¢f

sufficient personnel, Other problems may be identified during the
actual running of the simulation; however, at this iime the organi-
zation is still in the software development phase of this nroject.

During a simulation, the VAX computer will be used to simu~-

late an aircraft. Housed in the VAX's memory will be certain

modules that perform such functions as cockpit management, flight

planning, fuel management, and navigation functions. The programs
that compose these modules will have a different priority and will
compete for the single processcr., During an actual simulation job

scheduling, job processing, memory management, and I/V) services

will all play a very important part in the performance of the simula-
tion. As such managers need a general understanding of how each of
these functions perform their specific taskss More will be presented

on this in the software section of this chapter.
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The main problem observed while studying the worklond was

that little information was being gathered about the workload by
the system, The reason for this was that the system was basic-
ally a "free good". Another reason was the lack of o sufficient
accounting package. rFlthough the organization has an accounting
package, it is extremely limited, Table II presents lne nparameier:
that the accounting package &athers datz on. The accounting
package was written by a Digital Iguipment Corp Ucer’s Groug
(DECUS), rather than Digital Equipment Corporation and as sucn,
documentation wus extremely limited. Additionally, the accounting
package was not being used. To study the impact of the worikload or
the computer system, the system manager uses several nources pro-
vided and maintained by the computer system. These sources will

be presented and discussed later in this chapter.

SEAFAC Computer Hardware

The ccmputer system used by SEAFAC is Digital rquipmernt Cor-
poration's VAX 11/780. The VAX 11/780 is a high performance nulti-
programming computer system. The system combines = 32-oit
: architecture, efficient memory management, and a virtual memory
¢ operating system to provide essentially unlimited program address
;% i space, The size of the VAX computer located at SEAFAC is rela-

3’1 tively large. Their computer has four Meg of memory. This

memory consists of arrays of MOS RAM integrated circuits with a
cycle time of 600 nanosecconds. Disk storage for ihe organization
is provided by four RMO3 disk drives. The BMO3 is a high speed,

medium capacity disk drive. Its peak capacity is 67 mb with a
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TABLE II

Information Gathered by Accounting System

Listing of File Account Data

Totals for File: Account

ata

User Name
Type
Start Tine
Elarsed Seconds
Page Faults
Buf I/0
DIR I/0
Vol Mounts
Job - HName
Page Count

Q. I/0's

User liame
Login « Count
Comnect - Time
CPE = Jeconds
Buf I/0
DIR 1I/0
Vol - lounts
Print - Jobus
Print pages
Total logins

Total Connect Time:
Total CPU Seconds:
Total Print Jobs:
Total Pages Printed:
Total Records Read:

Login Failure Count:
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peak transfer rate of 1200 kb/sce,  The average seck tine iz 50 us

and average rotational latency is 8.3 ms. The system supports
multiprogramming applications that require high performince oy
providing:
- cvent driven priority scheduling
- rapid process context switching
- minimum system service call overhead i
- process access mode memoly protection
- memory manamement control
The system schedules processes f{or execution based on the occurrence :
of events such as 1/0 completion rather than time quantum expira-
tion. In addition, the computer system has 25 VI-100C terminals

connected to it.

The VAX 11/780 central processing unit performs the logic and
arithmetic cperations requested by the computer system user.
The processor is a high-performance, microprogrammed computer
that executes a large set of variable length instructions in
native mode, and nonpriviledged PDP~11 instruction in capata-
bility mode. The CPU uses 32-bit virtual addresses, allowing

access to over four gigabytes (4Gb, 252) of virtual address space.

These addresses are called virtual because each address is not

necessarily the actual address in physical memory. The process—

>
L memedas L

F or's memory management hardware translates virtual addressec to
i physical addresses.
The processor provides sixteen 32-bit registers that can be

used for temporary storage, as accwmlators, index registers,
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and base registers. PFour of these registers have cpecial
significance. They are the Program Counter and three registecrs
that are used to provide an extensive CALL facility.

The native instruction set is highly versatile and bit-effi-
cient. It includes integer, packed decimal, character string, bit
field, and floating point instructions, as well as program
control and special instructions. The VAX 11/780 processor
includes an 8K byie cache, integral memory management, %2 inter-
rupt priority levels, an intelligent console, a2 programmable
real-time clock, and a time-of-day and date-clock. ({Ref. 21: 24-1)

The peripheral systems supported by the VAX 11/780 are of
four types.

- Mass storage peripherals such as disk and
magnetic tapes
- Unit record peripherals such as line printers
and card readers
- Terminals and terminal line interfaces
- Interprocessor communication links
A1l peripheral device control/status registers (CSR's) are
assigned addresses in physical I/0 space. No special processor
instructions are needed for I/0 control. In addition, all device
interrupt lines are associated with locations that identify each
device's interrupt service routine. When the processor is
interrupted on function request completion, it immediately starts

executing the appropriate interrupt service routine. There is no
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need to poll devices to determine which device needs service.

Devices use either one of two types of data transfer tech-
niques; directv memory access or programmed interrupt request,
The mass storage disk and magnetic tape devices and the inter—
processor communicaticns line are capable of direct memory
access (IMMA) data transfers, The DMA devices are also called
non-processor request (NPR) devices because they can transfer
large blocks of data to or from memory without processor inter-
vention until the entire block is transferred.

The unit record peripherals and terminal interfaces are
called program interrupt request devices, These devices tranc-
fer one or two bytes at a time to or from assigned locations in
physical address space. Software then transfers the data to or

from a buffer in physical memory. {(Ref, 21: 5=1)

The VAX computer presently has two channels to disk ani all

I/0 requests are generated by a Queue I/0 (Q10) Request syctem
service. If a program calls the record management system (RN3)
procedures, R135 calls the Q10 system service on the program's
behalf, Que I/0 Request processing is extremely rapid because
the system can:

- optimize device unit use by minimizing the code
that must be executed to initiate requests and
post request comnletion,

- optimize disk controller use by overlaponing

seeks with the I/0 transfers.

BT —,
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The processor's many interrupt priority levels, increase interrupt
response because they enable the software to have the miniium
amount of code executing at high levels by using low priority
levels for code handling request verification and completion noti-
fication., (Ref. 22: 10) Input/Output operations under VAX/Vii3
are designed to be as device and function-independent as possible.
User processes issue I/0 requests to software channels which form
paths of communication with a particular device. Iach vrrocess
can establish its own correspondence between physicali devices and
channels. I/0 requests are queued when they arc issued and
processed according to the relative priority of the process that
issued them. I/0 requests can be handled indirectly by the VAX
Record Management Service (RMS) or they can interface directly to
the VAX/ViS I/0 system. For more information on VAX Ril5 and VAX
I/0, refer to Volume 7 and Volume 4 of the DEC reference manuals.

In addition, device drivers take advantage of the processor's
ability to overlap execution with I/0 by enabling processes to
execute between the initiation of a request and its completion,
User processes can queue requests to a driver at any time and
the driver immediately initiates the next request in the queue
upon receiving an 1/0 completion interrupt.

A VAX/VMS driver performs the following functions:

- Defines the peripheral device for the reast of the
VAX/VMS operating system.

- Defines the driver for the operating system




procedure that maps and loads the driver and itgs

device data base into system virtual memo.y.

- Initializes the device (and/or its controller) at
startup time and after a power failurec.

- Translatcs software requests for I/0 operations
into device=-specific commands, l

- Activates the device.

- Regponds to hardware interrupts generated by the
device,

- Reports device errors.

- Returns data and status from the device to software.

Device drivers work in conjunction with the VAX/VMS\bporating

system. The operating system performs all I/0 processing that is %

unaffected by the particular specifications of the target device
(i.e. device independent processing). VYhen details of an I/0
operation need to be translated into terms recognizable by a
specific type of device, the operating system transfers control
to a device driver (i.e. devicc dependent processing). Since
different perivheral devices expect different commands and setups,
each type of device on a VAX/VMS requires its own supporting
driver., The VAX/VHMS operating system contains device drivers for
a number of standard DIGITAL-supported devices. These include
both Massbus and Unibus devices.  In addition, the user can

write additional drivers for non-standard Unibus devices.

(Ref., 21: 6-18)




In comparing the workload requirements against the computer

capability, it was obvious that there were no probliems, Thic
was i?deed fortunate because the kinds and types of information
needed to make this comparison was not and could not be gathered
by the organization.

While looking for other problems, several were identified.

The first problem is that the organization presently has four

RMO3 disks and two I/O controllers/channels and no way of measur— i

ing traffic to and from the disk; therefore, balancinsg the disk

and making decisions such as whether to put all system files on one

pack or two will be extremely difficult, if not impossible, i

Another problem which relates to the comparison problem presented
above is the organization's inability to gather and present long
term measurement information., An examnle of this oveinr, hours of

processing time for a particular month,

SEAFAC Computer Software

This section discusses the operating system of the VAX 11/780.
The VAX 11/780 has a viriuel memory operating syctem. VAX/ViiZ,
as it is called, iz a multiuser, multifunction virtual memozy
operating system that supports multiple languages, an easy to
use interactive interface, and program development tool. The
VAX/VMS operating system is designed for many applications,
including scientific/real-time, computational, data procescing,
transaction processing, and batch, The operating cystem performs

process~oriented paging which allows execution of programs that
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may be larger than the physical memory allocated to them, [IPasring
is automatically handled by the system, freeing the user fro:
any need to structure the program. In the VAX/VMS operating
system, a process pages only against itself -« thus individual
processes cannot significantly degrade the performance of other
processes. VAX/VMS schedules CPU time and memory residency con o
preemptive priority basis. Thus, real-time processes do not nave
to compete with lower priority processes for scheduling services,
Scheduling rotates among process of the same priority. The
VAX/VMS operating system provides a file and record management
facility that allows the user to create, access, znd maintain data
files and records within the files with full prctection. Thic is
accomplished by a user authorization file. A user authorization
file entry describes the characteristics of a process that is
associated with the user for whom the process is created., Addi-
tional information in a user authorization file eniry includes:
- User name, password, and account name.
- Priviledged system functions to which the user
is allowed access.,
- Limits and quotas for the system resources that
can be used.
- Priority of the process created for the user
at login.
- Default command interpreter.

- Default disk device and directions. (Ref. 20: 4=1)
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The system manager maintains a user authorization file that con-
tains an entry for each user allowed access to the gystem. Iur
more information on UAF refer to Chapter 2 of the System Mana-
ger Guide.

In addition, VAX/VMS provides a program development capa-
bility that includes editors, language processors, ;
symbolic debugger, and on-line error logging of CFPU errors, memory
errors, periphcoral errors, and software failures. The virtual
memory operating system enables the programmer to write large
programs that can execute in both small and large memory configurn-
tiong w. .. . requiring the programmer to define overlaps or
later modify the program to take advantage of additional memoxy,

These are some of the general capabilities of VAX/VMS versicn 2.1.

(Ref. 21: 2-1, 2-2)

The VAX does not have a "job scheduler" per se; rather, joba
are broken into processes. A process is the schedulable entity
capable of performing computations in parallel with other processes.
It consists of an address space and an execution state that define
the context in which a program image executes. An executing
program is associated with at least one process, but it can be
associated with several processes. Each process has a base
priority assigned to it when it is created. The priority of a
real-time process remaing unaltered by the system during the
process's execution; however, a normal process is subject to having

the scheduler alter its priority during the course of its execution. ;
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The scheduler uses a modified pre-emptive priority algorithm for
normal process's recent execution history. Iach procecs has o
current priority in addition to its base priority. The ccheduler
dynamically changes the current priority as the process exccutes;
however, the current priority is never less than the base priority.
Scheduling according to strict priority for real-time processes
and using a modified priority for other processes allows the
scheduler to achieve maximum overlap'of computer and I/0 nctiv—
ities while still remaining responsive to high-priority real-iime
requests, The scheduler uses priority increments to mcdify the
priority of a normal process. Each system event has an assigned
priority increment that is a characteristic of the source of

the event. If the event causes a state change to an executable
state for the process, the scheduler adds the increment to the
base priority. The only restriction is that a process's current
priority never decreased to a value below its base priority or
increased above a priority of fifteen, and a real-time process?
priority is never modified, (Ref. 22: 373-375)

The VAX/VMS scheduler performs normal and real-time proccss
scheduling based upon the priority of the executable process in the
balance set. A normal process is also referred to as a time
shared or background process while a real-time process is referred
to as time-critical.

VAX/VMS defines thirty two distinct levels of software

priority for the purpose of scheduling. Priorities range
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numerically from 0-31, where 31 rcpresents the highest sofliware
priority. The operating system allocates priorities 0O=1% to the
scheduling of normal processes while priorities 16-31 are dedicated
to the scheduling of time-critical processes. Time-critical pro-
cesses are scheduled strictly by priority; when a nirher priority
process 1s ready to execute, it preempis the process currently
running. Normal processes, on the other hand, are scheduled usinc
a modified preemtive algorithm to achieve maximum overlaop of
computation and I/0 activities.

Time critical processes take precedence over background rro-
cesses in the queue for execution since they are of higher priorizy.
The VAX/VIS scheduler performs process scheduling funciions baced
upon the following variables:

1= The process priority.
2—- The occurrence of system events and resulting
process state transitions.
3= The expiration of in-memory time allowed fc a
non-time critical process, i,e. quantum cver Iiow.
System events are occurrences that cause the status of one or
more processes in the system to change. The scheduler reflectis the
change by rcmoving the process control block from one state queue
and queuing it in the current state queue. An execution process can
cause a system event by putting itselq in a wait state, or it can
cause a system event for another process. In addition, syctem

components like the swapper and the timer can cause system coventis.,
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Regardless of the source, all system events are reovorvbied to the
scheduler. (RKef., 22: 143=144)

The memory management technique utilized by the VAX oyeorni-

!
5
§

ing system ic known as virtual memory. Virtual memory refers 4o

the concept that a pro_ram's location in main memoivy ic frans-—

parent to the process. Additional features of the VAY-11 viriunl

3 memory scheme are:
1 1= Only a portion of the program (those pages which
» are being activelv refcrenced) need reside in main

memory during execution.
2= Prograns (processcs) are allowed to exceed the
masximwn amount of main memory available.
The memory managcment scheme maintains a data base callaed nn~e
i l tables describing the status of all phyrical pages of nomowy an?

the ctatus .nl location of all virtual pages of =1l procoscer in

the system. The function of memory management is to map virtual nages
B into physical address space, to control the paging of the werking set
of pages in active use by the process, and to provide per=nrocess and
inter-process memory protection, To help rrovide required napiing
.y and protection; virtual address space is divided into 512 byte sec-
f tions called pages. The page is the basic unit of relocntion nnd »r-~-
'?1 tection., Memovy management utilizes page tables as the dntn bage 4
i

- contain the status and location of virtual pages of processer.

{ Fach individual page of a process has associated with it, an oentry

in an appropriate page table to describe that page. (Ref. 22: 123)
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The VAX/VMS device driver is a set of tables and routincs
that control I/0 operations on a peripheral device attached t- a
VAX-11 system., A driver performs the following functions:

-~ Defines the peripheral device for the rest of the VAX/VIDS
operating systen.

— Defines the driver for the operating system procedure tha.
maps and loads the driver and its device data base into
system virtual memory.

- Initializes the device {and/or its controller) at systen
startup time and after a power failure,

- Translates software requests for I/0 operations into
device-specific commands.

= Activates the device.

-~ Responds to hardware interrupts generated by the device.

- Reports device errors.

- Return data and status from the device to uscr software.
Device drivers work in conjunction with the VAX/VHS operating
system. The operating system performs all I/0 processing that
is unaffected by the particular specifications of the target
device (i.e. device-independent) processing. Vhen details of an
I/0 operation need to be translated into terms recognizable by =«
specific tyye of device, the operating system transfers control
to a device driver (i.e. device dependent processing). Since
different peripheral devices expect different commands and setups,

each type of device on a VAX/VMS requires its own suprovting
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driver, A device driver contains a set of subroutince that thic

operating system calls to perform device-dependent procesaing on

an I/0 request. The subroutines of a VAX/VM3 driver perfonn the
following functions:

Initialization: At the time that the driver is loaded or
after a power failure, initialize & deviec
or controller by setting hardwire reogisters
and initializing fields in the I/0 dat~ bace.

1/0 Setup: Prepare an 1/0 request for o devicc for
formatting data, =2llocating system ouffers,
locking pages in memory, e3cC.

1/0 Startup: Set up device registers and the 1/0 dat:.
base to start a device.

Interrupt Handling: Recpond to hardware interrupts, rood, ann
reset device regicterss return statuc,

Error Recovery: Set up device registers for retry of an I/O
operation; apply Error Correction Ccde (L)
to disk dataj; return error status.

Error Logging: Write the contents of device registers =nd
other data into an error buffer,

Cancel 1/0 Set up device registers to terminate 1/0

activity.

Device drivers need not contain all the subroutine types licied

above. [Every driver must include subroutines to handle T/0

startup and interrupts. Tigure 9 illustrates operating system

interaction with I/0 driver subroutines. (Ref, 22: 215=217)
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Figure Y Operating System Calls to Driver Subroutines
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. The display

The type of

The hardware anc software components
provide the performance, reliability, and
often found only in much larger systems.

reliable system that is both flexible and

vice performance type information.

R

These are:
Display Utility

Accounting.Dat File

Cperator's log Tile

Error Logger

$CGet Chan

-

% GET DEV

% INFO

Show Status
Show Process

Show System

cxtendable.

of the VAKX 11/7€0
programning foaturc~

The VAX 11/780 is a highly

In agdition,

the VAX 11/780 has som~ useful utilities and services that rro-

utility is perhaps the most useful of these services.

information collected is:

rile system statistics

I/0 system activity

Use of processor modes
Page managoment statistics

Nonnaged pool statistics

Activity in the scheduler state queues

Principal users of CPU time

System process activity
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lach time the gsystem is booted, it starts accumulating 5 new ool
of performance measurement statistics, The visplay Utility
Program provides a dynamic display of system performance mensurc—
ment statistics on a VI~100 or VI-52 video display terminal.

By typing appropriate digital control language comuands, syoion
users can obtain information about system activity. For more
information on the Display Utility refer to the Uystem Ilunagers!
Guide.

Another useful tool is the accounting.dat file. The VAX/VIS
system creates and maintains, by itself, records on tne use of
system resources for accounting purposes. These records are zept
in an accounting log file. The system updates the accounting los
file when one of the following conditions is met:

- Ain interactive process terminates

i

A batch process terminates

A subprocess or a detached process terminatec

A printing job is completed

A login failure occurs

A user sends a message to the accounting log file

by usec of the Send Message to Accounting lanager
system service,

By using the detailed accounting log records provided by the system,
the system manager or a system programmer can cstabliish progroms
for reporting on the uge of system resources. DIC does not provide
an accounting package, it is up to the individual users to write

and maintain their own., The accounting package in use at SEAFAC

T4




LA AR o 55 e 1 RO A =i

ot ' AN 7w

was obtained through DECUS, The system cervice manual provides
more detail on the accounting.dat file.

The operator's log file is yet another useful tool for obitain-
ing computer performance information. The operator's log file is
a system management tcol that is useful in anticipating ana
preventing failures of both the hardware and the software. 3By
regularly examining it, the manager can often detect tendencies
or trends toward failures. This allows the system manager to tric
corrective action before such failure can occur.

The error logger is a job that runs continuously to log crrore
detected by both hardware and software. The errcrs include:

Device errors

Interrupt timeouts

Interrupts received from nonexistant devices

Memory, translation buffer, and check parity exrrors

Datapath errors

The error logger writes all messages it receives into an ervor

log file, noting vital system statistics at the time of the
message. The cerror logger also notes benign events when they cccur,
such as vhen volumes are mounted and dismounted and provides
periodic time stamps indicating that no entries have occurred for

a specified period of time. The error logger can accept messages
from system operators at any time and from any program:s priviiedeed
to send messages to the error logger. This system also includes

a utility called the error report generating utility program

(SYE) that converts the information in the error log file inio na

75

. e m A

[P




i3 - Lt et o e b s S £ Ao R Al g LI =

text file thal can be printed for later study.
For more information refer to the Systems Service lManuad,

In addition to these sources, the VAX 11/760 also has
several commands which the system manager can use when he wantis
specific information. These commands are show status, show
process, show system, and get I/0 channel info (8CKT CHN) and
get I/0 device info (4CIP DEV). The show status command displays

i the following information:

3 Current time and date
- Elapsed CPU time used by the current process
~ Number of page faults

- Open file count

.

- Buffered 1/0 count

M A

~ Direct I/0 count

~ Current working set size

— Current amount of physical memory occupied
. The show process command displays information about the current
process. This command displays the following information about
the current process:

- Date and time the show process command is issued

Device name of the current SYS # Input device

User name

Process identification number

Process name

User identification code (UIC)
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- Base exccution priority

~ Default device

- Default directory

- Devices allocated to the process and volumes

mounted, if any

The show system command displays a list of processes in the
system and information about the status of each. The response
displays:

- Process identification

- Process name

- User identification

- Process state

- Current priority

- Direct I/0 count*

- Blapsed CPU time¥*

- Number of page faults¥*

- Physical memory occupied¥

- Process indicator

#This information is displayed only if the process is currently
in the balance set; if the process is not in the balance set,
those columns contain the measage "swapped out”.

The gat channel command returns information about a device to
which an I/0 channel has been assigned. The I/D device returns
information about an I/0 device. This service allows a process bo
obtain information about a device to which the process has not

assigned a channel,
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Although these sources provide useful information, there is
some information that cannot be obtained by these sources. Table
III contains a list of items that cannot be obtained by the

above sources.

Summary

The purpose of the information part of the computer performance
evaluation management system is to provide the members of a CPE
team with a means to look for and identify computer performance
problems. The information presented in this chapter shows the
kinds and types of detailed information that can be obtained about
a Data Center by using the guidelines and procedures of the infor-
mation part of the CPE management system. This part of the system
explains factors about a Data Center that can cause performance.
problems. It explains what to look for and how, and provides the
members of the CPE team to immediately start their jobu of meuasuring

and evaluating the performance of the computer system,
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TABLE I1I

Information Which Presently Cannot Be Obtained

Peripheral Allocation Times

Peripheral Busy Time/File

Channel Busy Time/File

Processor Time

Processor Support Time

Memory Requested

HMemory Used

Device Busy Time

Device Storage Available

Processor Time Application

Processor Time Support

Begin and end times peripherals arec
allocated to a job.

Total time spent in actual data
transfer plus access time or
device, by file, for the job.

Busy time for each channel, by
file, for the joo.

Time spent in execution of operat—
ing system, instructions in cup-
port of a job, by processor.

Time spent in executior of operat-
ing system instructions in suppor?
of a job, by processor.

Amount of memory recucsted ty 2
job.

Amount of memory used by a job.

Total busy time for each device in
specified time intervals (e.g. 10
min,, 1 hr., etc.)

Amount of unused storage available
for each device in specified fime
intervals (e.g. 10 min., 1 hr.,
etc,)

Total processor time svent in ai-

rect execution of job instructions
in specified time interals (c.e.

10 min., 1 hr., etc.)

Total processor time spent in
execution of operating system in-
structions in specified time inter—
vals (e.c. 10 min., 1 hr.)

M




‘PABLE III (continued)

Processor Time Support/Job

‘ Processor Jdle Time

; ‘ Memory Available

Average lemory Used

SR kL
.

Average lienory Used by O-5

Total processor time spent in exe-
cution of operating system instruc-
tionsg in support of a cpeeifiad
jobs in specified time intexrval
(e.ge 10 min., 1 hr., etc.)

Total processcor idle time in cpeci-
fied time intervals (c.g. 10 min.,
1 hr., etc,)

Total memory available in the cys-
tem for non-=cperating Jjobs.

Average memory used by all non-
operating system jobs in specified
time intervals (e.g. 10 min., 1
hr., etc.)

Average memory uscd by the opernt-
ing system in gpecified time
intervals (e.g. 10 min., 1 hr.,
etc.)
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V. Recommendations

The recommendations presented in this section relate solely
to the SEAFAC organization and pertain to the implementation of the
computer performance evaluation management system developed by thin
investigation.

The primary recommendation presented to the system manager of T
SEAFAC was to implement the CPE management system and perform o
full analysis of the organization (i.e. evaluate the organizntion,
i_' workload, and computer system hardware/software). Unfortunately,
the system manager was unable to comply with this recommendaticn;
the major drawback being the people needed to staff the CTIw team.
The system manager believes that the people within the organiz-.tion,
who could take on these responsibilities are presently working nt
their maximum and adding additional responsibilities on them woula
tend to divide their attentions and possibly result in delays to the
present project. The next recommendation presented to the system

manager of SEATAC was to implement the CPE managcement system and

X
; conduct a partial analysis of the organization (i.e. focus on either
§ the organization, the workload, or computer system hardware/softwaro).
- This is the recommendation the system manager of SEAFAC complied
E with. ;
;; To conduct a partial analysis requiresat leact one person to be on
B the CPE team. JFor GSEAFAC, this person will be the systens manacer.
- Since the system manager has other duties and responsibiliiics, the
- g time and effort he can spend performing the analysis will be limited.
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Therefore, the system manager must review performance information
that requires little time and effort,

The system manager of SEAFAC is fortunate for several reasons,
First and foremost is that the organization is presently not
experiencing any performance problems., Sccondly, the computer
system is presently more than capable of processing the exisiting
workload and lastly, the computer system has many excecllent
utilities that provide computer pertormance informaticn.

The system manager of SEAFAC will be conducting a rartial
analysis of the computer system hardware/software. Iollowing is a
list of recommendations that will assist the system manager when
conducting the analysis; some of which have already been accon=-
plished. Although these recommendations may seem trivial, one
must remember they are being directed at one person who must verform
this task with limited time and effort.

1. Establish procedures whereby the information from the
existing accounting package is gathered and reviewed on a
monthly basis.

2. Attempt to get developed a more extensive accounting
package better suited to SEAFAC needs. Some of the infor-
mation to be gathered would be that presented in Table IV.
An excellent source for this development would be AVIT wilh
a follow=-up to this thesis.

3. Contact other VAX users and ask what performance measurcs

or tools they use Lo evaluate their system and acsk how
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they were obtainced. This cnn vte extremely helpful nmi Lo -
ficial since some system managers may have discovered other
tools or techniques for measuring the performance of ihe

VAX 11/78C.

Review more closely thne information from the Digital saul:i=-
ment Corporation User's Groun (DHCUS) meetings, any rrob-
lems and topics are discussed at these meetings and the ;rec-
ceedings are forwarded to all members. Gettine in contant
'ith a person who presented a topic of interest ic very
important since documentation -n topics presented ot thezo
meetings is either extremely limited or ncn-cxistant.
Establish procedures whereby the operators log file is
printed on 2 daily basis and review this file, Thiz is urce-
ful in anticipating and preventing failure of harduare ond
software,

Review the I/0 rates, page frults, users and tov users
parancters of the display utility during peak workines pericds
of the dny. This allows the cystem manager to stuly the
impact of the workload on the computer system.

Depending on particular interest, review the SHOW JTATUSD, SHGV
SYSTEM, end SHOW PROCHSS ccmmands. The information nrovided
by these commands has previously been discussed.

Make computer performance - key issue and solicit the helun of

subordinates to identify problems.
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9. Ask the vendor if there are other wayo of oblaining computber
performance information from the computer system which may be

unpublished,

10, BEstablish a computer performance evaluation tecam and conduct

a full analysis as soon as workload reauircments nermifl,

i

”
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V1., CONCLUSION

The objective of developing a computer performance evaluation
management system was achieved by tihis thesis investigation. This
system can be used by managers of data centers or insiallations to
identify performance problems, provide information on computer per-
formance, and to assist them in making long term plans for computer
resources. This system also includes guidelines on how tc¢ establich
a CPE team and samples of computer performance reporis that the Cri
team can generate. This system also contains facters about a datn

center that can cause performance problems, as well as methods fcr

identifying them. This system was developed to provide data center

managers with a2 means of measuring and evaluating the yperfermance of

their computer systems. The computer performance evzluztion mana‘je-
ment system developed by this thesis provides this means and can bve
used at any data center or computer installation. The mzjor araw-
back to this system is the people needed to staff the Cibk teawm.

Many data center managers, because of work requirements, will not

N

want to assign CPE responsibilities to individuals within their
organization. This is even more true if their organi.ation has not
experienced any computer performance protlems. These organizations
usually have computer performance measurement low on their list of
priorities and it takes a higher priority, only when problems occur.

Computer Performance Measurement and Evaluation is definitely

not an easy tasks. It requires a lot of kuowledge, thought, and
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hard work to plan and conduct such a program. As systems become
more complex and more corporations and businesses depend on compu-
ters for support, the importance of performance measurement
increases drastically. The result of this is that system managers
and installation managers will be faced with more difficult and
demanding questions concerning computer system performance. To
answer these questions, the system manager or installation manager
will need information that can only be provided by a system that
continuously gathers and presents computer performance information,
Although this thesis explains how to start and continue a
performance effort, it should not be looked upon as being
dormant, It should be viewed as a dynamic system; a system that
can be added onto and changed as new techniques and tools in compu~
ter performance measurement are developed.
Computer performance measurement is and will continue %o be
an important asset of any computer installation. It should not
be viewed as something that will only be accomplished when provlems
occur. Instead, computer performance measurement and evaluation
should begin the moment the computer system first becomes opera~
tional for the organization and continue throughout the life of the

system.
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APPENDIX A

Identifying Problems With the Organization

Appendix A contains a list of questions that should assist the

analyst identify these kinds of problems.

1. Is the organization properly manned to fulfill its mission?

2. Are managers attentive to problems identified by subordinates?

3. Does the organization have close contact with the users, and
is it concerned if products are late?

4. Does the organization have a training program in effect to
educate newly assigned personnel of the organization mission?

5. Does the organization measure performance and how?

6. Does the organization have standard procedures for solving
problems or are they haphazard?

7. What sort of procedures do managers use to insure them that all
work was finished and no problems occurred?

! 8. What governs the operational hours of the computer system,

f ’workload or manning?

! 9., 1Is the organization structured properly to fulfill its
mission? (e.g. does it have too many operators and not
enough programmers or vice versa)

10. What is the general feeling by operators and programmers
toward the computer system? (Do they treat it as a free good

or are they concerned with performance?)
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APPFNDIX B
Understanding the Organization

1 { Appendix B contains a list of questions that can be used by the
analyst or system manager when developing an understanding of the
7 organization, gl
1. Determine situations or circumstances that prcvoked the CPE
effort.

A 2. Determine the number of personnel the organization has to
include number of programmers, operators, system analyst and
maintenance technicians as well as the different levels of
management.,

4. Obtain information on how it provides service to the customers.
5. Determine what computer system the organization uses.
6. Obtain information on the hours worked by programmers, operator:,
system analyst, and maintenance technicians,
‘N 7. Obtain information on the number of shifts and persomnel
l requirements for each shift,

8. Determine the organization's operational hours or hours the

i
-
'i 1 organization is open for business.
i % 9. Obtain information on management directives, operational
ii?i procedures, policies, etc., used to govern the organization.
o’
?=—§ 10. Obtain information on policies and prccedures used to govein
{

computer usage.

11, Determine the structure of the organization.

1
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| 19.

| 20,

21,

A 22.

".~ i 230

Determine the organization's operational objectives,

Determine the computer center's position with respect to the
organization that it serves.

Obtain information on the hours per day and week the computer
system is operational.

Determine if the computer center is run under a closed or
open job or if theirs is a mixture,

Determinz when and if the computer system is shut down and

for what purposes.

Determine if the organization uses priorities or schedules in
procegsing and why.

Obtain information on critical jobs; such as payrolls the
computer center may process.

Conduct discussions with operators, programmers, system
analyst, and maintenance technicians to ascertain information
about performance problems they may have encountered.
Determine what kirds of jobs the computer center processes

and how these jobs are entered into the computer system.
Conduct discussions with the ingtallation manager and determine
the kinds of information he needs to make computer performance
decisions.,

Determine how and when he would like this information presented.
Determine if the organization is involved in any measurement
or evaluation activities such as gathering accounting data

or using hardware/software monitors.




i

24. If so, determine the information provided and when and how this
information is presented to management,
25. Constantly look for policies, procedures, directives, etc.

either carried out or required by the organization that could

cause poor performance. (Ref. 13 11)
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Appendix C contains a list of questions that should assist the

analyst identify problems with the workload.

1.

2.

3e

4.

5e

7.

8.

9.

APPENDIX C '

Identifying Problems With the Workload

Does the computer sit idle when jobs could be processing?

Does the organization need to establish another shift or hire

more people to insure all processing gets finished?

Do schedules need to be changed to distribute processing
requirements evenly?

Are the users running only jobs they need or are they running
nice-to-have jobs, which require extra processing? i

Do priorities need to be changed to allow for a more evenly

processing time for all jobs?

Do procedures need to be changed that govern entering jobs into
the system? (i.e. wait until you have at least ten jobs before
you enter them, or enter a job whenever it arrives)

Does equipment in the computer room neei relocating in order to
provide a more efficient working environment? (i.e. operators
require little time to find and load disk pack and tapes)

Do closer controls need to be established to show when a job
arrives, completes processing and is returned to the customer?
(This prevents customers from complaining about slow turnarourd
since you can tell them exactly when their job was returned)

Are all online users aware of the organizations' operational




10,

hours and are they kept informed of all changes?

Do procedures need to be changed that govern customers picking

up their products? (i.e. every morning or as soon as they are

finished)
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APPIFNDIX D

Understanding the Workload

Following is a list of questions that can be used by the an:lyst

or system manager when developing an understanding of the worklond.

1.

2'

4.

7.

8.

9.

10.

11.

12.

7 P e AT

13

[}

i
Determine the kinds and types of jobs the installation jrscesscr, i;
Petermine the job classifications and statistical groupings of li
jobs that are run on the computer system to irncliuie user ‘
and system Jjobs. i
Determine the number of system and user jobs the computer
processes.,
Obtain information on scheduling policies and determine wihcn and
how jobs are scheduled.

Determine the approximate vrocessing times of all jobs,

Determine the time the computer is dedicated to a2ctual pro-
cessing.

Determine if the computer is capable of processing all jobs or
if backlogs exist.

Determine if the backlog occurs regularly or sporadic.
Determine what specific projects, programs and personnel use
or request the services of the computer center.

Determine if priorities exist and how they are ascigned.
Determine if the computer ever sits idle.

Talk with operators and ascertain if they have experienced

any problems with the workload.

Obtain information on the largest and smallest user to include

approximate number of jobs submitted by each.
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14.
15,
16.

17.

18.

19.

20,

24.

25.
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Determine the maximum number of users.

Obtain general information on the jobs they process.
Determine if any deadlines or unusual processing is recuired
by any of these users.

Talk with users aud ascertain if they have exncrienced any

ct

problems. with the computer, organization, o: rcceiving rroduc
on time.

Letermine how the majority of jobs enter the system, e.o. ny
cards cr terminal,

If there is a mix, detexrmine the percentage of cach.
Determine if bottlenecks exist and obtain information asn to
when and why.

Determine what time the computer is the busiest and tne leact
busy.

Determine wnich jobs require hard copies and ideatify user
jobs that must be run twice to fulfill hard copy reauirements.
Obtain information on any accounting data the organizatisn may
gather.

Determine the procedures used to manage jobs that fail ic
execute and must be rerun.

Look for areas of the workload that could cause poor computer

performance, such as one user scheduling all jobs to be run

every lMonday. (Ref. 1% 12)
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APPENDEIX |

Understanding the Hardware

Following is a list of questions that can be used by the nnalyst
| or system manager when developing a basic understanding of the

computer hardware. The reference manuals provided by the vendor

will provide more knowledge in these areas for those wishing a i

more indepth understanding or those needing more knowledge to solve :

a particular problem,

1. Determine the make and model of computer system used by the
organization,

2. Determine the amount of memory, both actual and virtual that
the computer has.

3., Determire the multiprogramming level.

4, Find out how many processors the computer system has.

5. Find out the speed of the processors,

6. Determine the capacity of the storage devices.

- 7. Find out how many I/0 channels are connected to the terminal.

8. Determine the kinds of I/0 that can be performed along with the
| size of data than can be transferred.

9. Determine the speed and capacity of input and output devices
i such as card readers and line printers.
\{ ! 10. Find out how many terminals can be and are hooked up to the

computer system. (Ref., 1: 13)
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APPENDIX F

Identifying Problems with Computer Hardware

Appendix F contains a list of questions that should assist the

analyst identify problems with the hardware.

1.

2,

Se

4s

5

Te

9.
10,

Does the computer system have sufficient memory to handle job
requirements?

Does the computer have sufficient storage space?

For organizations that require lots of printing, does the printer
have sufficient speed or is a faster printer required?

Does the computer have sufficient I/0 capability or is another
faster I/0 controller or channel needed?

Is the hardware suited for the workload?

Does the organization need to invest in more equipment, for
example, a tape drive to be used to store files infrequently
used by the customers? (This will save disk space.)

Does the computer system frequently break down?

Do maintenance technicians arrive quickly when problems occur
or is there a delay?

Is the computer system housed in a controlled environment?
Does the organization have a backup capability in cases of

excessive computer downtime?
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APPENDIX G
; Identifying Problems with O-S

Appendix G contains a list of questions that should assist the
analyst identify problems with software.

l. Does the memory manager allow more than one job in memory

Rt M

at a time?

Gl

2. Is the operating system taylored for the workload, in other

b words, do the majority of jobs require excessive CPU timc

ot but the operating system was developed for jobs requiring
lots of I/0%

. 3. Does the process scheduler select jobs on a first come, first

serve basis, or does it select them on a priority; if it is

a priority, could this delay other jobs?

4. Are memory partitions static but memory requirements variable

resulting in waste of memory?
5. Does the computer system have virtual memory, and if so, are

there problems with page swapping?
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APPENDIX H

Understanding the Operating System

Appendix H contains a list of questions that can be used by the analyst

) or system manager when developing an understanding of the operating
system,
1. Determine how the job scheduler and process scheduler work.
2. Determine how memory is allocated and deallocated.
3., Determine where a job goes when it first enters the system.
4. Find out what queues a job can enter and determine the

requirements needed to leave these queues.
5. Determine how long a job is allowed to execute.
6. Find out where a job goes after execution.

7. Determine how the operating system handles I/0.

8., Determine how the operating system software allocates and
i releases storage.
9. Determine how it controls input and output devices and other ]
resources of the computer system.
10. Determine what parameters the user can adapt to their

environment.

.
ey &

11. Determine what version of operating system the organization

is using.
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APPINDIX I

Program Manager's Responsibility

The project manager's ultimate responsiblity is twofolds: to

the managers that receive the team's recommendations and to the
individual or group who will implement the team's recommendations.,
For lack of a better term, these two groups will be referred to 2s

the "customer" in the following list.

Understanding the customer's problem and translating it to
the analyst staff and to management,

Knowing what is needed to "solve" the problem.

Knowing how a model or study can be used to fill the customer's
needs. This should be summarized in a written statement of
work.,

Insuring that clear and consistent specification for a model
and/or operating plans for a study are produced.

Judging the appropriateness of the model or study plan for

the needs of the project.

Insuring that the planned approach to the model or study efi-rt
is logical and realizable.

Understanding the details of the technical approach,
Insuring that all essential tasks are included.

Ingsurings that no unnecessary tasks are included.

Knowing the use to which the output from each task will be

put.,
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11.

12.

13.

14,

15.

16.

17.

18,

19.

20.
21.
22.
23,

24.

27.

Judging whether or not the aoproach selected for cach task ic
the best way to achieve the output,

Knowing what resources are required for each task.

Thoroughly understanding the kinds of technical and nanzge-

ment abilities that will be required in a project.

Determining what must be provided by all parties involivea
(e.g. customer, contractors, other participants)

Insuring that commitments of all resources made to the precject
are honcred,

Determine the quantity and pattern of management required

in a project.

Insuring that schedules are met,

Periodicz2lly reviewing the adequacy of personnel skilleg,
quantity of personmnel, facilities, equipment, zndé information.
Followin: established quality control procedurec and when
necessary, cstablishing additional project-related procedlurecs,
Establishing nmeasures to prevent malperformance.

Insuring that malperformance can be detected.

Exercising positive cost control.

Insuring that all ideas are explored and exploited.

Reporting nroject status (cost and technical performance)

on schedale, each month,

Delivering fully documented project reports to the custower.
Preparing end prescnting oral project briefings to the customer.
Bringing problems to the attention of an appropriate manger

once he has determined that higher-level assistance is nccessary.
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APPENDIX J

Tools and Techniques For Use in Computer

Performance Evaluation

The following is a list of the main tools and techniques used

by computer performance analyst when measuring and evaluating

the performance of a computer system. Included in this list is a
description of each of these items and the advantages/disad-

vantages of each,

Personal Ingpection

Accounting Systems
-~ Hardware Monitors

Software Monitors

Benchmark

Models

Personal Inspection

Personal inspection can imply an uninspired glance at the

1@ machine room. This sort of activity often leads to beliefs about
an installation based more on preconceived notions than on reality.

1 This "tool" usually is employed in an "analysis" involving occa-
sional glances at a machine room when the observer sees precisely

?{ what he expected to see (whether it is true or not, and often even

"; in the face of significant, cont—ary evidence). Since the

observer may only glance at the machine room for a few minutecs

two or three times per day, his sample of the day's operation is

very incomplete. This type of performance analysis, although

common, is without redeeming social value and will not be considered
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further. Other types ¢f personal inspection are more valuable for
performance anlysis. An example of another type of perceonal
inspection follows. |

Each time a piec- of unit record equipment procesces a
record, it emits a sound. The performance analyst can uce tnis
sound to roughly estimate activity and judge the occurrence of
certain system—wide problems. TFor example, a multiprogrammed
system may be cxperiencing disk contention in a~ttempling to prin!
spooled records. Quite often this problem manifests itscl{ in
strongly synchronized printing from several printers on a large
system. As the disk head moves from track to track, firat one,
then another printer operates. When one printer completes cutput
for its job, the other printer(s) begins operating at a charply
increased rate,

Multiple, rapidly spinning tapes and extremely active disk
heads can, in some environments, indicate severe trouble. In otner
environments (where loads shoulé be causing this kind of bchavior),
they may indicate a smooth running system. Unfortunately, most
installations fall somewhere between these two extremes, leaving
analysts and managers with an amorphous feeling of unease.

The clues from personal inspection can be valuable, but an
experienced eye, a2ccompanied with an equally experienced ear, is
often necessary to make sense from the raw environment., Fortu-

nately, other alternatives are available. (Ref, 2: 31,32)

105

i e A mmtn

——




R e A L AR

4 1T TV TITTETNTRoe e T Y e

Accounting Systems

Accounting systems aggregate computer usage by task, job, or

other unit of user~directed work. Although accounting data can be

dggeptive, analysts can determine the actual data collecticn
methodé uégd‘éﬂd perform analysis based on a gcod understanding c¢f J
potential errors. Accounting data also has some distinct advantages
for analysis., They are usually quite complete because they are f
retained for historical purposes and changes in collection methods
are well documented so that users can examine them for correci-

ness. The data are collected about the system's work and organized

in precisely the correct way to facilitate workload control - by
requests for computer work (by job).

Por most analysts, accounting data have the advantage of
immediate availability so analysts,can begin without delays for
acquisition of a tool; however, immediate data availability does
not necessarily imply immediate useability. Accounting systems are
commonly very extensive, so analysts are often overwhelmed with the
quantity of items collected and the number of incidents of each
item, All these data are usually placed in poorly formatted
records on a file along with irrevelant or redundant data. The
data conditioning problem may; therefore, be a major hurdle for
successful analysis. Inndequate documentation of the details of
data collection by manufacturers and inadequacies in the data
collection (leading to variability in addition to significant bias)
can confuse any anzlyst results unless the analyst is very care-

ful, (Ref. 2: 32)
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Hardware Monitors

A hardware monitor is normally a free-standing device which
obtains signals from a computer system under study through nigh-
impedence probes attached directly to the computer's circuitry.

The signals can usually be passed through logic patchboards to do
logical AND*s, OR's, and so on, enabling the analyst to obtain
signals when certain arbitrary, complex relationships exist. The
signals are then fed to counters or timers. By the use of logic
circuits (i.e., AND or GATES), it is possible to determine whcn
specific hardware components are active, idle, or used concurrently.
For example, an analyst with a hardware monitor could determine

(1) the portion of CPU time spent performing supervisory functicns
while only one channel/controller is active, or (2) the number of
times a channel becomes active during a certain period. Because
hardware monitors can sense nearly any binary signal (within reason)
they can be used with a variety of operating systems, and even with
machines built by different manufacturers. (Ref. 2: 32)

Almost all hardware monitors need the computational power of
a computer, at least to reduce the collected data. An advantage
of hardware monitors is that their interference with the computer
system is very minimal or none. Their disadvantage is that the
installation generally requires great expertise and a thorough
knowledge of the mecasured system and their users have to be care-
fully trained.

Some examples of hardware monitors are the Dynaprobe 79000,
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8000, and Dyan-myte, all from COMRESS and the System 1000 from

Testdata., (Ref. 18: 11) Currently these are the only two vendors
in the field:

Comress Incorporated
Two Rescarch Court
Rockville, Maryland 20850

Testdata Systems Corporation
7900 Westpark Drive
Mclean, Virginia 22101

Before hooking up probes; however, it is a good idea to
discuss the project with the engineers who maintain your hardware.
They are apt to be a little nervous about the monitoring process
because they are afraid it might cause problems with the hardware.
For the most part, these fears are unfounded. It does not hurt to
have the engineers on your side; however, since they can give
invaluable aid in locating probe points and suggestions on
additional ones.

Hardware monitors may be purchased within the range of $4,000
to $100,000. The average device likely to offer desirable capa=—
bilities would cost about #35,000. It may be possible; however, to
rent the hardware monitor for a short term or a one-shot project.

(Ref. 17: VI-60)

Software Monitors
Software monitoring tools are defined as those consisting of
instructions which are added to a hardware-software system in

order to gather data related to its performance. This means that
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they can have access to the tables that operating systems maintain

and thereby collect data that are more familiar to the typicul
performance analyst. Such a device can provide statistiecs on I/0
device utilization, main storage usage, I/0 wait time, idle time,
and CPU time, ectc. Usually the operating system must be altered in
some way to collect the statistics. The fact that these additional
instructions must be executed by the system being measured causes
interference with the system, A five percent overhead factor can
be anticipated; however, it can range as high as 200 and occasion-—
ally may be even worse. (Ref. 17: VI-60) The amount of inter—
ference produced depends on the frequency of the events to be
detected and on the operations performed by the tool at the occur-
rence of each event,

A software monitor can be implemented in different languages,
but for efficiency reasons and because of the need to reach the

hardware leve.s, software monitors are generally implemented in

a machine language. The main disadvantage of a software monitor
ig that it can detect only less frequent events. Thus, hardware
tools' hay be used to verify the accuracy of certain software tools.

The main advantage of a software monitor is its ease of installation;

(i.es no probes) however, experienced personnel are often needed
for this operation, Additionally, some training is also necessary
for using them and for interpreting their outputs, (Ref. 2: 31)
Several types of software monitors are available, DBoole and
Babbage have developed a problem program monitor (PPE — Problem

Program Monitor) and a configuration analyzer (CUE - Configuration
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Utilization Efficiency). (Ref. 18:11) ‘'hese packages generally
cost about $10,000 - $15,000 for outright purchases. Lending
vendors are:

Boole & Babbage, Inc.
550 Stevart Drive

Sunnyvale, California 94086 1

Comress Incorporated
Two Research Court
Rockville, Maryland 20850

Information Research Associates

2317 Longview Terrace
Austin, Texas 78705

Some vendors have their own hardware/software monitors. IZM,

for example has both a hardware and a software monitor. Taey are

T AT e TV T

| not sold but are used in support of their marketing effort to cell
a new system or upgrade an existing configuration, Their personnel
will do the monitoring, analyze the output, and provide you with a

report. You are not allowed to become involved in reviewing the

data or evaluating results., While the i(pproach requires little w.orx
on your part and is provided free, there are no known cases where
this technique has resulted in a recommendation to reduce hardware,
Other major computer manufacturers have software monitors for
internal use but it requires arm-twisting to get them. There are
also a number of software monitors of the homegro':: variety float-
ing about, although these are not commercially available., The user

group of your manufacturer is a good source for this information. :

Table IV is a comparison of hardware/software moniiors. (Ref. 17:

VI 60-61)
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Comparicson of Monitors

Hardware Monitors

Software Monitors

Data Collection Method

Hardware Deperndency

Overnead

Accuracy

Flexibility

Ease of Use

Cost

Useful Life

Training Needed

Advantages

Disadvantages

Either event or time drive
¢n at your option.

Almost None

None

Accurate

Good

Poor
$4,000 - $100,000

Unlimited

Extensive

Able to measure over—
all cystem activity,
Easily modified to
change or revise per-
formance evaluation
plan., Does not re-
quire software modi-
fications.

Is not able to pin-
point problems in
applications,
Difficult to focus
on a particular
problem in multi-
programming.
Requires extensive
experience to pexrw
form analysis.
Requires knowledge
of and access to
hardware internal
operations,

Time driven

Reswricted to THEM
260%s and A70's

Zome

Some distortion cue
to cverhead.

Limited., Can only rer-

form functicrns inciud-
ed within its program.

Good

itelatively shori,
Tike any prcgrorn

Slight

Provides detail about
an individual appli-
cation program.

Can concentrate on
one progrem in 2
multiprogromzing
system.

Able to analyze ac-
tivity within the
operating csystem.

loes not have the
ability to measure
its own overhead.
Cannot detect
problems relatea to
file organization.
Cannot vary testing
testing pa. meters
while the test is
is being run, Ana-
lysis outoul is li~
mited to thatl apeci-
fied by the vendor
of the monitor,.
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Benchmark

Most analysis of computer syctem performance rely on either
benchmarks or probablistic models., Benchmarks, which mzy consist
of real programs, synthetic programs, or trace driven simulations

are most useful when it is necessary to determine system

behavior under a precisely specified workload. Benchmark rezsults: 4
1 however, can be surprisingly sensitive to the nature of the workload

that the system is assumed to be processing and slicht cnanges in J

the workload definition moy sometimes produce significant different

conclusions,

f Table V illustrates the crux of the problem with a highly
simplified example., Suppose that an analyst is comparing "round

i robin” (RR) with "first come, first served" (¥CiS) scheduling
algorithms for a central processor. Assume that the workload of
three jobs; Job A with a duration of seven seconds; Job B with a
duration of one second; and Job C with a duration of three sec.nds,

s The first line of Table V gives the averagc response time for

the three jobs in the case where the order of arrival is "ABC" with
all jobs arriving at approximately the sume time, Note that the
average response for VCFS is 18% higher than the average response

time for RR with a quantum of two seconds. Thus, the benchmark

Hlirahd
e

results in line one indicate a definite preference for R, In the

second line of Table V, everything is the same except that the
order of arrival is reversed. In this case average response time
for RR is higher than average response time for FCFS, The second

| set of benchmarks results thus indicate a strong preference for
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FCIFS even though this benchmark contains the same set of jobs as
the first. As a point of interest, the third line of Table V
presents yet another arrival sequence in which the two scheduling
! algorithms produce exactly the same response time.

Table VI presents the completion times of individual jobs
and the average response time (completion time) of the entire
benchmark for each of the three workloads presentecd in Table V.
It is assumed that the quantum size in the round robin scheduiinsg

algorithm is two seconds.

Table V
Average Response Time
First Second Third FCFS RR_(0=2)
A B C 8 2/3 7 1/3
¢ B A 6 6 2/2
B A c 6 2/53 6 2/3
L‘Q Although the example in Table V is highly simplified, the

dangers which it illustrates are very real. In particular, bench-

! mark evaluations require specification of the system workload in

complete detail, As a result, the analyst is often ccunelled to

make subtle but critical decisions in areas where his knowledge is

oW

PR )

usually imprecise. This, in turn leads to confusing situationc
where seemingly equivalent benchmark studies produce different

final conclusions.,

113




TAB 5 VI

Workload - ABC A 7 11
B 8 %

c 11 8
Average 8 2/3 71/3

Iable A=2 FCFS R
Workload = CBA C 3 6
B 4 3

A 11 11

Average 6 6 2/3

Iable A=3 FCFS  RR
Workload - BAC B 1 1
A 8 11

C 11 8

Average 6 2/3 6 2/3 (Ref. 4: 200-210)

Models

A model of a system is a representation of the system which
consists of a certain amount of organized information abcut it and
is built for the purpose of studying it., In the field of computer
performance evaluation, there are basically two types of models;
analytic and simulation. (Ref. 4:20)

Analytic rmodels are mathematical expressions of the rclation
p = Sp(W) which is derived by analysis of the behavior of a systems
functional model. The class of problems that is solvable with
existing mathematical methods is very limited; many simplifying
assumptions must be made even for the least complicated systems.
Analytical models often focus on the problem of management of a

specific system resource such as:
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CPU scheduling

Scheduling of rotational 1/0 devic.3

Management of hierarchical memories

Channel scheduling

Buffer storage allocation

File organization (Ref. 21: 34)
There are many kinds and types of models but basically they can be
grouped into three categories; structural, functionzl, and perform—

alce,

Structural Models

A structural model describes individual systeis components
and their connections, ©Such a model provides a uceful interface
between the real system and a more abstract one., Structural models
are most frequently represented by block diagrams. The level of
detail in a block diagram can easily be varied since individual
blocks can in turn be further laid down as self-contained block
diagrams. Block diagrams generally show the paths of data flow as
well as control flow but they do not specify the conditions govern-
ing this flow, Thus, block diagrams are suitable only for tne first

general level description of the system under study. (Ref. 13: 31)

Functional Model

A functional model describes how the system operates. A
functional model defines the system such that the system can be
analyzed mathematically or studied empirically. Functional modelr

used in performance analysis can be divided into four groups:
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Flowchart lModels

Finite-state Models

Parallel Nets

Queuing Model

Flowchart models are suitable for studying program efficiency

and execution time requirements, A flowchart model ic a directed
graph model where the nodes represent computational taskc and the
arcs show the possible flow of control betwecen tasks., Alternntively,
the computational tasks may be viewed as being represcnted by the
arcs, the nodes then being the branch and junction points in the
modeled program or merely points separating different tasks., Given
the execution time of the individual tasks and the probability of
following the various individual arcs, the total execution time of
the modeled program can be derived by a sequence o: elementary
transformations., Flowchart models of system components and uscrs!
programs can be used as building elements of a system model, tied
together by a mechanism that stimulates system resource allocation
and scheduling.

A finite-state model can be used for analysis of utilization

of computer system resources. It too, can be represented by a
directed graph; however, the nodes now represent the state of the
system. The arcs represent the transitions between states,

Parallel nets are modifications of petri nets. DParallel nets

are directed graphs made of two different types of nodes; transi-

tions and places. Places with arcs directed into a transition are
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the conditions that must be satisfied concurrently if thic transi-

tion is to occur,

They are well suited for describing concurrent
asynchronous operations that take place in a computer systenm.

(Ref. 133 32)

A queuing model is defined by its sources, its cervice centers,

and their interconnections, The basic components of a quecuing
model are servers, queues, and sources. Servers are g nerally uced
to model the resources demanded by the jobs. The jobs are generated
by sources or exist in the jueuing model since its creation, kach
server can only serve a limited maximum number of jobs at the sane
time, This is often called the number of channels of the server,
Those jobs wnich find the server busy must wait in a queue until
their turn comes., Each server has at least one quesue, and the term

service center is often used to indicatc the complex consisting of a 1

server and its queues. In some cases, a service center contnins
several servers, all of which process jobs from the same queue or
queues. A job generally requests the attention of a server for a
certain amount of time (called service time) and joins a service
center at an instant called the arrival time or the job at the

. center., (Ref. 4: 178-179)

The simplest type of queuing model is the single-service

;ii center (or single server) model depicted in Figure 10. The

service center consists of a single-channel server anl of onc quecue
‘ with unbounded capacity. When a job has been completely processed

by the server, it leaves the model. (Ref. 13: 35)

17




UG
-.

— o apn

KRR 3 TS DR | ‘ ¢

The most popular computer performance indices (rcsponse time,
turnaround time, throughput rate, utilization factors) are usunlly
easy to define; though not always easy to compute in a queuing
model. Other easily definable indices are the waiting timos  in cthe
queues and the queue lengths. Of course, component criented indices
such as utilization, waiting times, and queue lengths require, to
be defineable, that the corresponding component be explicitly
modeled in the network. (Ref. 4: 180-181)

Queuing models are further classified according to the sorvice
discipline which is a rule that determines how the requests are
processed. The simplest discipline is the firgt-come-first-
served (FCFS) discipline where the requests are processcd simply in
the order of their arrival. More elaborate service disciplines were
developed to increase system throughput and lower the total time a
task spends in the system (turnaround time or response time). The
round-robin (RR) discipline allocates one time quantun to a task at
the head of the queue. If a task requires additional time after
receiving its quantum, it is placed at the end of the queue. The
model of a round-robin discipline is shown in Figure 11.

Queuing may occur for any system resource that can be used by
several active jobs, but only one job at a time (cpu, channels,

I1/0 controllcrs, disks and drums, memory blocks). A complete
system can be modeled as a network of interfacing queues. Most of
the queuing networks; however, are variations of the central server

model that handles queuing for several different I/0 processors.
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(Ref. 153 37)
FPigure 11 Round-Robin Model
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Queuing models emphasize the flow of jobs through the system.

They also enable one to observe the state of the system and they

are the most widely used models in computer performance analysis.

(Ref. 133 34=326)
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